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During the past deca,de the use of fat . i,n poultry rations as an 
energy supp~ement has become a common practice in many commercially 
prepared feeds. It becomes necessary to add fat to the dfet of an 
animal when the energy needed to obtain nutrient balance cannot be ob-
tained from carbohydrates. Recent research work concerning energy-
protein ratio has made it possible to have toe fat levels in the diets 
of broilers or growing turkeys as high as 30 percent when extremely 
high efficiency of feed conversiqn is desired. Wb.en the results of 
future experimental work are available, it is posslbie that the level 
of fat that can be utilized efficiently in diets for poultry may be-
come even higher. 
From a pra,ctical standpoint, when the fat level of a diet is 
greater than about 10 percent, the c~st of mixfng, handling and dis-
persing the fat int-he feed becomes prohibitive. A probable solution 
of this problem is the development of a highly digestible dry-free-flow-
ing fat source . 
. The purposes of the experiments reported in tnis thesis are: 
(1) to find basic factors which may /a.ffect the digestibility of fat 
in laying hens, such as age and the dietary leve.ls of various nutrients 
(protein, vitamins and energy); (2) to compare the digestibility of 
newly developed dry fats with .that of liquid or semi-solid fats of 
' relatively higlt digestibility, such as corn oil or tallow; (3) to 
determine the effects of commercially-available lipase and lipase 
1 
sources such as yeast culture upon the dtgestibility of fats; and 
. . I I 
(4) to relate differences in the .productive performance of laying hens 
to differences in fat digestibility. 
2 
REVIEW OF LITERATURE 
Effect of Melting Point 
One of the first factors found to influence fat digestibility was 
the melting point of the fat. Early research workers found an inverse 
relationship between the melting point and digestibility of a fat 
(Langworthy and Holmes, 1915; and Holmes and Deuel, 1921). Howevet, 
Hoagland and Snider (1943) preserited 'data which indicated that although 
the melting point of fat had some effect on the digestibility of the 
fat, there was no consistent relationship between the melting point 
and digestibility. Cro~ett and Deuel (1947) and Chang et al. (1949) --
performed digestibility studies with rats in which samples of lard 
with varying degrees of saturation were used. ·The results of these 
trials showed very little difference in the digestibility of lard when 
the melting point of the samples fe)d ranged from 30 to 48 degrees C. 
When the melting point wa.s increased above 48 deg,rees C., the digesti-
bility of the fat declined r~pidly. ~rd samples melting from 37 to 
38 degrees C. had digestibility coefficients which ranged .from 94 to 
96, whereas lard melting at 55 degrees C. had a digestibility coef-
fici'ent of 63. When lard was hydrogenated to the .extent that the 
melting point was 6~ degrees C. , tl1e digestibilitr went as low as 21 
percent. 
The digestibility of fat in the d~gestive tract is dependent upon 
li~ase coming in contact with the fat molecules. This being .the ,case, 
' it is necessary for the fat to be in an emulsified state it\ the 
3 
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digestive tract. If the melting point of the fat is higher than the 
i ' ' 
body temferature, it emulsifies less readily in the digestive tract, 
and fo~ this re~son it is . less digestible. It was suggested by 
' .) · ' 
Duckworth et al. (1950)' that the high body temperature of the chick, 
as compared with other animals, might be an advantage in the digestion 
of higher .melting point fats, but these workers found this not to be 
the case. 
Carver et al. (1955) found the digestibility of tallow in chicks 
to be above 80 percent, but with hydrogenated tallow the digestibility 
was reduced to as low as 11 percent . March and Biely (1957) compared 
the digestibility of tallow to that of corn oil in chicks and found 
corn oil to be approximately 90 percent digestible and tallow to be 
near 73 percent digestible. When the animal fat was hydrogenated, 
digestibility was reduced to between 23 and 44 percent. Chicks have 
been shown to utilize 97 percent of the combustible energy in lard, 
whereas only 71 percent of the energy was utilized from tallow 
(Renner and Hill, 1958). 
Effect of Emulsifying Agents 
Augur ~ ,al. (1947) found lecithin to be very effective in in-
creasing the digestibility of cottonseed oil in rats. These data 
showed that this effect of lecithin increased with increased hydro-
genation. However, when March and Biely (l957) added lecithin to 
' 
chick diets which were supplemented with fat, there was no appreciable 
improvement in the digestibility of .either tallow or hydrogenated 
animal fat. These workers fed Santomerese-80 (a surface-active agent) 
to chicks that were fed diets containing tallow or hydrogenated animal 
fat, and no improvement in the digestibility was observed. 
5 
Fedde et al. (1960) added 0.5 percent of ox bile to a diet which 
contained 20 percent of tallow. When this diet was fed to two-week old 
chicks, it was observed that digestibility of tallow had been increased 
from 46 to 68 percent. In eight-week old chicks which received the 
same diets, 0.5 percent of ox bile increased the fat digestibility 
from 78 to 88 percent. 
Effect of Calcium, Phosphorus and Magnesium 
Bosworth (1918) found considerable quantities of fatty acids in 
the form of soaps in the stools of bottle-fed babies. When de-
calcified milk was fed instead of normal milk, the fatty acids as 
soaps in the stools were greatly reduced. This points out that 
conditions in the intestines are very favorable for the formulation 
of insoluble calcium soaps with fatty acids, when excess calcium is 
available in the diet . 
Pepper et al. (1955) noted that in the chick rations which 
contained 10 percent of animal fat, 1.0 percent of calcium did not 
give as good results as did 1.2 percent of calcium. However, in the 
same diet which contained no added fat, both levels of calcium gave 
equal results. The phosphorus requirements were not affected by the 
addition of 10 percent of animal fat. Fedde!!, al. (1960) fed graded 
levels of calcium to chicks which received diets that contained 20 
percent of beef tallow and observed a progressive decrease in fat 
digestibility as the calcium content of the diet was increased. 
~ 
Work by Boyd et al. (1932) indicated that the length of the fatty 
acid chain and the degree of saturation are factors affecting the 
solubility of the calcium soaps. Calcium stearate, calcium palmitate 
and calcium oleate were added singly to diets fed to rats, and the 
digestibility of these soaps were found to be 24 percent, 38 percent, 
and 90 percent, respectively. The digestibility of these soaps was 
improved somewhat when there was a reduction in calcium intake. 
Chang et al. (1949) reported that the effect of calcium and magnesium --
upon the digestibility of fat was a progressive one, being greater when 
larger proportions of these salts were present in the diet. 
Effect of Dietary Level of lat 
Various workers have noted that high levels of dietary fat result 
in higher digestibility than do low levels of dietary fat. Walker 
(1959) found that when human beings are fed graded levels of fat in 
the same basal diet, the percentage retention of fat was increased 
with each increase in dietary fat. Williams ~ al. (1959) found the 
same thing to be true when graded levels of fat were fed to chicks. 
However, when corrections are made for the low dige~tibility of the 
fat present in the basal ration, the added fat was utilized equally 
at all supplemental levels. 
Effect of Dietary Protein 
Variations in fat retention in the normal dog which resulted from 
variations in protein intake were observed by Coffey and Mann (1940). 
Several research workers have expressed the opinion that low protein 
intake is associated with low fat digestibility, and high protein 
intake is associated with high fat digestibility. Barnes~ al. (1944) 
found this to be true, and further found that the digestibility of 
hydrogenated fat was more severely affected than was the digestibility 
of non-hydrogenated fat when fed with low protein diet to rats. Swift 
6 
7 
et al. (1947) found that when casein was added to the diet of rumi-
inants, there was an increase in the digestibility of fat. Work by 
Biely and March (1957) showed that the extent to which tallow was 
utilized by the chick depended upon the level fed and the protein 
content of the diet. When 10 to 12 percent of tallow was fed to 
chicks, it was utilized best in diets which contained protein levels 
above 26 percent. 
Effect of Vitamins 
Only very limited data were found concerning the effect of 
vitamins upon fat digestibility. March and Biely (1955) were able 
to correct a growth depressing effect caused by the addition of 
fat to the diet of chicks by the addition of folic acid to the diet. 
However, there was no evidence that the folic acid aided in fat 
digestion or absorption. 
Effect of Age 
Holt et al. (1919) and Gordon and McNamara (1941) presented 
data which suggests that infants cannot digest fat as readily as 
older children. Fedde et al. (1960) observed similar results with 
baby chicks. In two-week old chicks,which received diets containing 
20 percent of tallow, digestibility was found to be 46 percent. When 
the same group of chicks was 8 weeks old, the digestibility of the 
fat was 78 percent. 
Other evidence supports the idea that as an animal ages, it 
loses its ability to digest certain fatty acids. Carroll and Richards 
(1958) presented evidence that the digestibility of erucic acid, a 
fatty acid not found to any great extent in the C0111Don dietary fats, 
seemed to be lower in old than in young rats. 
GENERAL PROCEDURE 
Four trials, each 12 weeks in length, were performed to determine 
the effect of lecithin, yeast culture, purified lipase, various kinds 
of fat and various levels of dietary fat on the digestibility of fat 
by laying hens. One experiment, 52 weeks in length, was conducted 
to study the effects of graded intake levels of protein, energy and 
vitamin concentrate on fat digestibility. Included as part of this 
experiment was the effect of age on fat digestibility. 
The hens in each trial were housed in individual cages in a 
temperature-controlled windowless house. The cages were 10 inches 
wide and 18 inches from front to back, and each cage had an in-
dividual feeder and waterer. All records were kept on each hen in-
dividually; thus, each hen was a complete experimental replication. 
Body weight and feed consumption data were recorded periodically 
throughout each trial. The length of period varied from trial to 
trial, and will be given in the procedure for the individual trials. 
In all trials, egg production was recorded daily and average egg 
weight was determined by weighing the eggs individually for four 
consecutive days during each week. All data were recorded on IIIM 
cards and summarized with the use of an IBM 650 computer to obtain 
the following: (1) feed consumed per hen per day, (2) energy con-
sumed per hen per day, (3) protein consumed per hen per day, (4) 
body weight change per hen, (5) egg production, (6) Calories 
8 
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consumed per gram of egg produced, and (7) protein consumed per gram 
of egg produced. Statistical analyses for these data were performed 
by the use of the IBM 650 computer. 
For the determination of fat digestibility, the fat digested was 
considered to be the fat consumed minus the fat excreted. A standarl 
technique was used to determine fat digestibility in which some inert 
material is added to the diet as an index material. Chromic oxide was 
' ,\ 
used as the index material, since it can be recovered in the feces 
quantitatively (Kane et al., 1950; Dansky and Hill, 1952; Schurch 
~al., 1950). The coefficient of digestibility was calculated by 
the following ·formula: 
Digestibility Coefficient 
-ri 1 Chromic oxide in feed 1 fatt acids in feces 
-[ - (l fatty acids in feed) (1 chromic oxide in feces) 
100 
By using an index material such as chromic oxide, it is possible 
to feed hens ad libitum, and for this reason quantitative measurements 
of the feed consumption and quantitative collection of fecal excretion 
are unnecessary. This method not only permits a saving in time, labor 
and expense, but it adds to the accuracy of the data (Hill et al., 1960). 
Feces which are contaminated with spilled feed or foreign material can 
be discarded. 
The fecal samples were collected by .hanging metal pans lined with 
a polyethylene sheet under each individual cage. The length of the 
collection period was at least 24 hours, in order to circumvent the 
diurnal rhythym of excretion of cecal droppings (Dansky and Hill, 1952). 
The fecal samples, while still in the collection pans, were placed in 
a forced-air drying oven and dried at a temperature of approximately 
90 degrees F. The dried samples were put into polyethylene sampling 
I 
bags and kept in a refrigerated room at 35 degrees F. until they 
could be analyzed for fatty acids and chromic oxide. Before the 
·' 
chemical analysis, the samples were ground in a Wiley Hill and mixed 
thoroughly. 
Analysis for Chroi,ic Oxide 
10 
The procedure used to determine the chromic oxide content of the 
feed and feces is essentially that described by Kimura and Miller 
(1957). A Klett-Summerson photoelectric colorimeter was used to 
determine the percent transmittance. 
Analysis for Patty Acids 
The procedure described by Hoagland and Snider (1943) was used as 
a starting point in the development of a relatively accurate and rapid 
method for the determination of fatty acids in feed and feces. Several 
modifications were incorporated into the procedure of Hoagland and 
Snider, which resulted in the procedure used for Trial I. This 
procedure is as follows: 
Two grams of sample were weighed into a 250 ml. Erlenmeyer 
flask. After adding 25 ml. of 40 percent KOH and 50 ml. of 
95 percent ethanol, a long air reflux condenser was attached 
to the flask and the mixture was heated on a steam plate for 
2 hours. The sample was then filtered throu,h a glass wool 
plug into a 500 ml. separatory funnel and diluted to 250 ml. 
with water. Twenty-five ml. of HCl were added and the 
mixture was shaken and cooled. Then 50 ml. of petroleum 
11 
ether was added and separatory funnel was placed in an 
automatic shaker for 3 minutes. It was then removed from 
the shaker and allowed to stand until the separation of the 
2 phases, after which the ether phase was collected in 
another separatory funnel. The extraction with ether was 
repeated 3 times and the phases from all 4 extractions were 
collected in the same separatory funnel. The combined phases 
were washed 3 times ·with water to remove the HCl. Then the 
extract was filtered through a glass wool plug into a tared 
flask. The ether was evaporated and the flask was dried for 
1 hour at approximately 103 gegrees C., after which it was 
cooled and weighed. 
This procedure gave relatively good results, but it was very 
time consuming. In order to speed up the fatty acid analysis and to 
improve further the results, the use of continuous liquid-liquid 
extraction was investigated. 
Various types of commercially available liquid-liquid extractors 
were tried. None of these appeared adequately to disperse the ex-
tracting solvent throughout the aqueous phase for desirable extraction. 
Several different modifications of the inner tubes in these assemblies 
were tried, but none proved satisfactory. A need for a much higher 
degree of intimate contact between the solvent and the aqueous layer 
was evident, and the incorporation of vigo~ous stirring, such as 
provided by a magnetic stirrer, was contemplated. 
' ' 
At this time, an advertisement of the Archer-Daniels-Midland 
Company (1959) was noted. A description of their apparatus as well 
as their procedure was obtained. 1 Initially, it was planned to 
duplicate their assembly in all respects, but before this was ac-
complished a simplified modification of their apparatus was tested 
and appeared satisfactory. This modified liquid-liquid extraction 
procedure, which incorporated magnetic stirring as its major im-
1, 
pr6vement, is essentially as follows: 
The extraction apparatus used is a modification of a Corning 
92232 condenser and 92230 extraction ' tube (medium size). An 
inner funnel of special construction is supported by in-
dentations in the sides of the extraction tube. This funnel 
delivers the extractant through a 0.5-1.0 mm. orifice to the 
bottom of the aqueous layer at a level approximately 0.5 
cm. above a special oval-shaped magnetic stirring bar placed 
in the bottom of the extraction tube. The extraction tube 
is placed on a magnetic stirrer and a vigorous rate of 
12 
stirring applied. A 3-gram sample of feed or feces is weighed 
into a 250 ml. Erlernneyer flask which as a ground glass top. 
I 
The addition of 50 ml. of ethanol plus 27 ml. of 40 percent 
KOH is made. A long air condenser is attached and the sample 
is placed on a steam plate for 2 hours for saponi,fication. 
The saponified material is transferred to the liquid-liquid 
extraction tube, and 25 ml. of HCl is added. Enough petroleum 
ether is added to bring the ether-level to the side arm of the 
extraction tube. The extraction tube is attached to the con-
denser and placed on the magnetic stirrer. A receiving flask 
1 
Archer-Daniels-Midland Company, Chemical Pro.ducts Division, 739 
Investors Building, Minneapolis 2, Minnesota. 
13 
which contains approximately 50 ml. of petroleum ether is 
attached to the side arm and is heated with a hot plate. 
The sample is extracted for 2 hours, after which, the 
material in the receiving flask is transferred to a 150 ml. 
beaker which is placed on a steam plate to evaporate the 
' . 
ether. Sixty ml. of neutralized ethanol and 10 ml. of water 
are added to the flask, then the material is titrated to a 
pH of 8.9 with 0.1 N NaOH. 
The extracted fatty acids can be measured either gravimetrically 
or titrimetrically. It is recognized that with a continuous ex-
traction procedure, such as adopted here, trace amounts of solids 
will continue to be removed as extraction time is continued. However, 
it is assumed that these are not fatty acids and should therefore not 
be included in the measurements of the extracted material. This would 
particularly be a source of error if the extracted material were 
measured gravimetrically after .drying. 
A comparison was made between the above t~o methods for measuring 
the extracted material and the result is plotted in Figure 1. It can 
be seen from this graph that the results of both methods follow almost 
the exact pattern until the extraction time reached one hour. As the 
extraction proceeded between 1 hour and 3 1/2 hours, the gravimetric 
-
procedure continued to measure extracted material, whereas, the 
titration method did not. This indicated that small amounts of solid 
material other than fatty acids were being extracted after one hour. 
In preliminary analyses, the average digestibility values 
obtained were 82.7 percent by gravimetric measurements and 86.7 
percent by titration. The difference in these values is probably due 
14 
to the fact that all fatty acids require the same amount of base for 
titration, regardless of the length of the carbon chain, but the 
weight of the fatty acids depend upon the chain length. Alth,ough there 
is a difference in the digestibility values obtained by the two 
methods, the variance within each method was essentially the same. 
After considering the above factors, as well as the time required 
for each method, the titrimetric method was decided upon for Trials 
II, III, IV and V. 
Grams of fatty acids extracted from the feed as compared to the 
grams of fatty acid extracted from the feces are plotted in Figure 2. 
I 
It is evident from the results shown in Figure 2 that the fatty acid 
extraction was essentially complete at the end of 1 hour for both 
feed and feces. However, since a margin of safety was desired, a 
2-hour extraction time was used for the analyses for _Trials II, III, 
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Fig.2. Fatty acids Extracted from Feed as compared to fatty acids 




The purpose of this trial was to study the effects of feeding 
g~aded levels of dietary fat to laying hens on the digestibility of the 
fat, and to compare the digestibility of two commercially prepared 
fats to that of corn oil. The two fats were Marco B-75 and Energ-E. 
Marco B-75 is a methyl ester of cottonseed and soybean oil processed 
by the Marco Chemical Company of Fort Worth, Texas. Energ-E is a 
patented product consisting of a combination of vegetable oil and 
h:rdrogenated animal fat in the form of small beads which have a 
melting point of 52 degrees ,C., processed by Stabilized Vitamins 
Division, Connnercial Solvents Corporation, Garfield, New Jersey. 
Procedure 
Five experimental basal diets were formulated to contain graded 
levels of added fat (Table I). From these basals, 13 experiments! 
diets, (Table II) were made. One diet contained no added fat, 4 diets 
contained added corn oil, 4 diets contained added Marco B-75, and 4 
diets contained added Energ-E. The fat from each source was added at 
levels of 4, 8, 12 and 16 percent. In order to maintain nutrient 
balance in these diets with different levels of _added fat, the 5 
experimental basals contained the same Calorie-protein ratio. To do 
this it was necessary to assume that the metabolizable energy value 





COMPOSITION OF BASALS, TRIAL I 
Basal number 1 2 3 4 5 
Ingredients Percent 
Fat 4.0 8.0 12.0 16. 0 
Ground yellow corn 10. 0 12.0 14.0 15.0 15.32 
Ground milo 10.0 10.0 10.0 10.0 10. 0 
Starch 33 . 12 20. 32 13 . 42 6.92 
Oat mill feed 4.G 10.0 10.0 10.0 10.0 
Wheat shorts 3.0 3.0 3.0 3.0 3.0 
Alfalfa meal (l n: prate in} 2.5 2.5 2.5 2. 5 2. 5 
Fish meal (60,: protein} 6.0 6.3 6. 7 7.0 7. 8 
Soybean oil meal (44,: prot.} 15.0 15. 5 16. 0 17.2 19. 0 
Dr led bre, .. , rs yeast 2.0 2.0 2.0 2.0 2.0 
Molasses 2 . 0 2. 0 2.0 2.0 2.0 
Dried condensed fish solubles 2.0 2.0 2.0 2.0 2.0 
Dried condensed fermented 
corn extractives2 2.0 2.0 2.0 2.0 2.0 
Dicalcium phosphate 
(18,: phosphorus} 4.0 4.0 4.0 4.0 4 . 0 
Calcium carbonate 2.5 2.5 2. 5 2.5 2.5 
Salt (NaCl} 0.5 0.5 0.5 0.5 0.5 
, VC-553 . 1. 0 1. 0 1.0 l. 0 1.0 
Trace mineral mix4 0.05 0.05 0.05 0.05 0.05 
dl-Methionine 0.03 0.03 0.03 0.03 0.03 
Chromic oxide 0.3 0.3 0.3 0.3 0.3 
Calculated anal ses 
Crude protein (percent} 15.5 16. 5 17. 1 17.9 19.2 
Calories (M.E.}5 per pound 1268 1300 1380 1460 , 1534 
Calor i e:pro t e i n r atio 82 : l 79:1 82:1 82:l 81:l 
Calci um (percent} 2.50 2.53 2. 56 2.58 2.63 
Available phosphorus (percent} l. 02 l. 04 l. 04 1.07 1. 09 
Crude fiber (percent} 3.41 5.30 5.38 5.47 5.60 
Fat (percent} 1. 75 5.98 10.10 14.19 18.30 
Footnotes for Table I 
1. Fat - The fats used in Trial I were Corn oil, Marco B-75 and , 
Energ-E. Refer to Table II for description. 
2. Dried condensed fermented corn extractives -- C.l.S. No. 3, 
Clinton Corn Processing Company, Clinton, Iowa. 
3. VC-55 - Vitamin concentrate, adds the following per pound of 
finished diet: vitamin A, 8,000 I.U.; vitamin D3, 4,000 l,C.U.; 
riboflavin, 6.0 milligrams; pantothenic acid, 8 milligrams; 
niacin, 40 milligrams; choline chloride, 600 milligrams; vitamin 
B12 , 6.0 micrograms; procaine penicillin, 4 milligrams; and 
menadione, 6.0 milligrams. 
4. Trace Mineral Mix - adds per pound of finished diet: manganese, 
I 
55.0 milligrams; iodine, 1.76 milligrams; cobalt, 1.18 milligrams; 
iron, 16.6 milligrams; copper, 3.3 milligrams; and zinc, 3.04 
milligrams. Calcium Carbonate Company, Carthage, Misso~ri. 
5. ()I.E.) - Metabolizable energy, Titus (1955) - The metabolizable 




EXPERIMENTAL DESIGN, TRIAL I 












































lxarco B-75 - Methyl ester of cottonseed and soybean oil 
processed by the Marco Chemical Company of Fort Worth, Texas. 
21nerg-l , - A patented product consisting of a combination of 
vegetable oil and hydrogenated animal fat in the form of small 
beads which have a melting point of 52 degrees C., processed 
by Stabilized Vitamins Division, Connnercial Solvents Corpo-
ration, Garfield, New Jersey. 
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Each diet was replicated 5 times in a completely randomized 
experiment and fed to laying pullets (Dekalb 131) for 12 weeks. Body 
I 
weight and feed consumption data were collected at the end of each 
2-week period. Fecal samples, used for determining1 fat digestibility, 
were collected at the end of the first, second and fifth 2-week periods. 
The data were sUD111arized for each 2-week period and for the over-
all experiment. Average daily feed consumption, average daily protein 
conslDDption, average daily energy consumption (considering the fat in 
each diet to have the same metabolizable energy value), average egg 
production, Calories per gram of egg (considering the fat - in each 
diet to have the same metabolizable energy value) and the grams of 
protein per gram of egg were obtained in each summary. Statistical 
analysis was performed on each of the above variables as well as on 
fat digestibility. Analyses of variance were obtained which gave 
sums of squares due to kind-of-fat and linear, quadr,tic and cubic 
effect within each fat. This was accomplished by the Doolittle 
technique (Goss, 1961). 
Results 
A summary of the coefficients of fat digestibility is presented 
in Table III. The analysis of variance for these data is presented 
in Table IV. The average digestibility coefficients were 56. 4, 87.7, 
83.0 and 40.0 for no added fat, corn oil, Marco B-75 and Energ-E, 
respectively. The differences in digestibility among these fats were 
significant at the 1 percent level of probability for each period 
tested. 
TABLE III 




























90.0 91. 2 
,91. 5 91. 5 
76.5 82.9 
81. 9 84.5 
84.9 88.4 
85.9 88.1 




I for description. 

























































































42 ', 95 
41 
1 Total d.f. and error d.f. - the degrees of freedom may change from 
period to period due to mortality or missing data. 
* Significant at the 5 percent level. 
**Significant at the 1 percent level. 
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There was a significant linear effect in the digestibility of 
of corn oil during the fifth period. The digestibility of corn oil 
ranged from 78.6 to 88.6 percent as· the dietary level increased from 
4 to 16 percent. This trend in digestibility of corn oil was present 
also in the first and second periods, although it was not significant. 
A similar trend can be seen in the digestibility data for Marco B-75. 
The linear effect on the digestibility for this fat was significant 
for the first period only. The digestibility of Marco B-75 for the 
first period ranged from 74.5 to 85.9 percent as the dietary levels 
increased from 4 to 16 percent. This apparent linear increase in 
digestibility is thought to be due in part to the low digestibility 
of the natural fat in the basal. An attempt was made to adjust these 
values so as to reflect the true digestibility of the added fat. 
This was accomplished through the use of the following formula: 
Digestibility of added fat= 
[% fat in basal)+(% added fatj} (digestibility of total fat in diet) 
% added fat 
(% fat in basal) (digestibility of fat in basal) 
% added fat 
With this adjustment, the linear effect was reduced to a certain 
extent, but the 16 percent level of dietary fat still resulted in the 
highest digestibility. 
The digestibility of Energ-E was statistically significant for 
quadratic and cubic effects during the first and second periods. Since 
the digestibility of Energ-E was extremely low, it would be rather 
meaningless to attempt to interpret this significance or attach any 
importance to it. 
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Tae data on average daily feed consumption are presented in Table 
V and the analysis of variance of the data ~s given in Table VI. 
There was a great deal of fluctuation in the amount of feed consumed 
' from period to period by the hens on any given diet. Differences in 
feed consumption due to kind-of-fat were not significant until the 
sixth period. The average feed consumed per hen per day during the 
sixth period was 117.3, 97.4, 98.5 and 119.6 grams for those fed 
diets which contained no-added-fat, corn oil, Marco B~75 and Energ-E, 
respectively. The overall summary indicates a trend in feed con-
sumption similar to the sixth period, but it is not statistically 
significant. There were significa~t linear and cubic effects in 
feed consumption at various points throughout the trial for hens , 
whica received Marco B-75 and !nerg-E, even though there was no 
consistent trend. 
The average daily energy consumption and the statistical analysis 
of these data are presented in Tables VII and VIII, respectively. 
Since these data were calculated with the assumption that each fat 
furnished the same amount of metabolizable energy, most of the sig-
nificance observed in the analysis of variance is not real. However, 
much of the significance for !nerg-E can be interpreted as a reflection 
of the low digestibility of .this fat. 
The metabolizable energy values were calculated for the three 
fats by the method outlined by Titus (1955). · The digestibility figures 
observed in this trial were used in these calculations, and the follow-
ing values were obtained: Corn oil, 3715 Calories per pound; Marco 
B-75, 3516 Calories per pound; and Energ-E 1694 Calories per pound. 
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TABLE V 
AVERAGE DAILY FEED CONSUMPTION, TRIAL I 
Percent 
added fat 1 · 
Period number ·. 
Diet 2 3 ', 4 5 · 6 ,, ~erall 
. l 
Grains per hen ' 
.. 
No-added-fat 92.4 107.0 69.7 79.3 101.4 117.3 97.0 
4 101. 8 104.4 89.5 86.2 
8 104.4 104.4 94.0 , 97. 3 
Corn oil 
12 96.6 96.0 80.4 90.8 
' 
16 95.3 97.3 85.0 96.9 
4 89.5 96.6 81. 7 87.5 
Marco B-752 
8 72. 9 92.5 76.5 84.3 
12 111. 6 88.2 82.4 88.2 
16 101. 3 , i.10. 3 98.9 87.6 
4 95.3 99.9 92.7 105.1 
Energ-E3 
8 101.8 108.9 77.2 86.9 
12 109.6 116. 7 89.5 92.1 
16 97.3 123.0 79.8 94.1 
1 Overall - all petiods accumulated as one. 
2 Marco B-75 - refer to Table. I for descrip-tion. 
3 Energ-E - refer to .Table I for description. 
100.5 96.9 96.6 
105.0 102.9 101. 3 
97.3 99.1 93.2 
114.0 90.8 95.0 
104.4 87.8 91.4 
92.8 98.4 85.9 
129.7 107.5 101.1 
102.1 100.3 100.1 
112.0 1,18, 1 103.5 
118. 7 111. 3 100.5 
86.9 120.3 102.1 
123.9 128.7 107.4 
TA!LE VI 
ANALYSIS OF VARIANCE OF DAILY FEED CONSUMPTION, TRIAL I 
Period number 
Source of 1 2 3 . 4 5 6 Overall 
variation d. f. Mean sguares 
1 
Total d. f. 58 58 61 62 53 57 62 
Treatment (12) 
Kind-of-fat 3 182.66 771. 82 452. 73 357.90 117. 00 1997.64* 294. 6 
Corn oil (C) (3) 
~ (Linear) 1 184.15 222.01 184.96 5.20 45.45 120.56 40 . 96 
Cq (Quadratic) 1 19.01 2.17 140.45 279.75 548. 73 259.20 11.24 
Cc (Cubic) 1 70.69 82.79 327.44 102.85 366.06 6.97 129.96 
Marco B-75 (3) 
ML 1 1992. 72* 199 • .56 651.44 3.44 1021.78 568. 74 397.37 
MQ 1 41.93 762.45 556.85 8.84 110. 93 364.96 27.69 
Mc 1 5960.47** 102.43 0.02 33.76 2388.74* 54.32 334.67 
Energ-E (E) (3) 
~ 
1 975.86 2093.93* 495. 77 194.32 0.82 756.39 43.69 
1 388.67 46.92 207.21 504.00 815.56 0.43 86.11 
Ee 1 75.60 5.91 13.69 176.23 3967.61** 0.05 0.18 
Er-ror 305.32 326.81 417.17 351.89 425.85 479.76 171. 64 
Error d. f. 1 46 46 49 5(\ 41 45 50 
1 Total d.f. and error d.f. - the degrees of freedom may change from period~to period due to 
mortality or missing data. 
* Significant at the 5 percent level. N 0\ ** Significant at tke 1 percent level. 
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The energy values of the 'diets which contained these fats and the 
energy consumed per hen per day were re-calculated using the above 
figures. 
The figures in Tables VII and VIII indicate that as dietary level 
of corn oil or Marco B-75 was increased, there was a linear increase 
in the consumption of energy. When the energy consumption was re-
calculated using the above energy values, the linear increase in 
energy consumption of diets waich contained these two fats had been 
reduced slightly. However, wben the above energy value for !nerg-! 
' was •sed to recalculate the energy consumption, 276,265,267 and 277 
Calories per day were obtained for the hens that received diets which 
contained 4, 8, 12 and 16 percent fat, respectively. Tllis was in 
contrast to values to 310, 311, 331 and 471 Calories per hen per day 
which are listed in the overall summary in Tabl.'e VII. It 1a ap-
parent from these figures t haL che hens fed diets which contained Energ-! 
consumed essentially the same amount of energy per day regardless of 
the dietary fat level, whereas the linear significance in energy 
consuaption observed for corn oil and Marco B-75 was probably valid. 
Tke discussion in tke above paragraph helps explain why the hens 
fed diets which contained !nerg-! consumed greater quantities of feed 
(Table V) than did hens fed diets which contained the more highly 
digestible fats. The above metabolizable, energy value for Energ•! is 
slightly less than that for corn starch. Therefore, tae total energy 
value of the diets actually became less when Energ-! was used to re-
place carbohydrates. The hens fed diets which contained Energ-! be-
' I. 
came well enough adjusted to the high-fat low-energy diets by the 
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TABLE VII 
AVERAGE DAILY ENERGY1 CONSUMPTION, TRIAL I 
Percent Period numbe~ -, 2 Diet added 'f§lt I 2 3 ·, 'IT" a 6 1 gvpra!i I 
Calories' per hen l 
No-added-fat 259 301 196 273 285 329 272. 
( 
4 305 313 . 268 258 301 290 289 
8 323 323 291 301 325 319 314 
Corn oil 
12 313 311 261 294 315 321 302 
16 418 427 373 381 500 398 417 
4 268 289 245 262 : 313 263 274 
8 225 286 237 261 287 304 266 
Kar co B-753 
12 362 286 267 286 421 348 328 
\ 
16 444 483 434 384 448 • .1 444 439 -
4 286 299 278 315 336 354 310 
', 4 8 315 337 239 269 367 344 311 
Energ-E 
· j31 12 355 378 290 299 282 390 
16 427 543 350 412 453 564 471 
·1 The metabolizable energy vaiue was considered to be the same fori all 
fats. Refer to footnotes in Table II. 
2 ,_ Ov~rall - all periods 1 accumulated as ' -one. 
' 
3 Marco B:75 - refer to Table I for description. 
4 Energ-E - ,refer to T~b,l~e I for description. 
TABLE VIII 
ANALYSIS OF VARIANCE OF DAILY ENERGY1 CONSUMPTION, TRIAL I 
Period. number 
Source of r 2 3 .' 4 5 6 overall 
variation d. f. Mean squares 
Total d.f. 2 58 58 61 62 53 51 62 
Treatment (12) 
Kind-of-fat 3 813 12549 13545* 4530 2730 37271** 9306* 
Corn oil (C) ( 3) 
CL (Linear) 1 27159** 27224* 19909* 32797** 60665** 26634* 34151** 
CQ (~dratic) 1 9592 13939 9901 2442 40099* 2928 10215 
Cc (Cubic) 1 5125 5622 9541 5141 12781 2240 6497 
Marco B'.'" 75 (N) ( 3) 
·· ~ 1 115560** 65731** 71818** 31111** 68322** 71823** 65177** 
HQ 1 7258 41852** 35366** 11394 20199 . 2896 . 16673* 
Mc 1 40055** 7091 2455 533 10116 489 103 
Energ-E (E) ( 3) 
EL 1 39592** 148502** 10671 26045* 65912** 120559** 63050** 
EQ 1 1410 29386* 2123 32000** 58327** 13739 24290** 
Ee 1 159 2649 2160 '?) 66187 0 2570 
Error 3504 4717 4300 3849 5704 5141 2730 
Error d.f. 2 46 46 . 49 50 41 45 50 
1 The metabolizable energy value was considered to be the same for all fats. 
' 2 Total d. f .. and error d. f. - the degrees of freedom may change from period to period due to mortality 
I ; , 
or tnissirtg data. 
* Significant at the 5 percent level. 




sixth period to compensate for the lack of energy by eating more feed. 
The data on average daily protein consumption are presented in 
Table IX, with the analysis of variance of the data given in Table X. 
Tllere were significant differences due to kind-of-fat during the 
sixth period and for the overall summary. This appears to be due 
to the low digestibility of !nerg-E, which caused the hens to eat 
more feed in order to satisfy their energy hunger. Consequently, 
protein intake was increased. 
There was a linear increase in protein, intake when the dietary 
level of Marco B-75 was increased. This wa~ statistically significant 
for Periods 1, 2, 3, 5, 6 and for the overall analysis. A similar 
,-
situatio~ is true for the diets .which contained Energ-E for Periods 
2, 6 and the overall. In the overall sumnary, hens fed diets which 
contained Marco B-75 increased their consumption from 14.9 to 19.1 
1 
grams of protein per day when the dietary fat level was increased 
from 4 to 16 percent. For tae S;ime dietary levels of !nerg-E, 16.9 
to 20. 5 grams of protet'n wer-e consumed per hen per day. Both Marco 
B-75 and !nerg-E contained less metabolizable energy than was assumed 
at the start of the experiment. Therefore, energy-protein ratios were 
narrower in the diets which contained Marco B-75 and !nerg-! than in 
those diets which contained corn oil. As the dietary levels of Marco 
B-75 or !nerg-! were increased, the energy-protein ratios became 
progressively narrower. For this reason, when the hens which were 
fed the diets with the higher levels of lfarco B-75 or Energ-! con-
sumed enough feed to satisfy their energy needs, they had consumed 
more protein than had those hens fed diets which contained the lower 
TABLE IX 
AVIRAGE DAILY PROTEIN CONSUMPTION, TRIAL I 
Percent 
















































Period number .,,, 2j'. 














1o;ierall - all periods accumulated as one. 
2 
Marco B-75 - refer to Table I for description. 
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21. 5 18.3 
24.6 20.S 
TABLE X 
ANALYSIS OF VARIANCE OF DAILY PROTEIN CONSUMPTION, TRIAL I 
Period number 
Source of 1 2 3 4 5 6 Overall 
variation d. f. Mean sguares 
' 1 Total d. f. 58 58 61 62 53 57 62 
Treatment (12) 
Kind-of-fat 3 0.75 26.60 4.90 7.23 2.23 73.33** ,,JS. 64* 
Corn oil (C) (3) 
~ (Linear) 1 4.82 4.23 2.74 13.44 34. 71 6.00 11.12 
Cq (Quadratic) 1 . 0.07 0.57 0.23 5.70 23.28 5.55 0.00 
Cc (Cubic) 1 . 2.20 2.68 10.20 2.93 12.56 0.16 4.02 
Marco B-7 5 (M) (3) 
ML 1 145.00** 46.72* 70.57* 17.28 92.53* .~:9{-8-0* 59.06** 
MQ 1 0.53 30.43 23.35 0.94 -5'.~.;J6 .:1':-1.5 . 2.24 .. ' Mc 1 182.27** 4.02 0.03 0.92 70.97* 1.80 9.63 
Energ-E (E) (3) 
-~ :a69.34* Ex, 1 22.44 0.01 4.45 27.83 80.03* 26.60* 
EQ 1 8.80 4. 72 4.89 18.29 26.19 0.14 . 5.08 
Ee · 1 2.56 0.09 3.43 4.58 125.54** 0.00 0.00 
Error 10.14 10.85 13.32 10.24 14.07 13. 71 5.25 
Error d. f. 1 46 46 49 50 41 45 50 
w 
1 Total d.f. and error d.f. - the degrees of freedom may change from period to period due· to mortality N 
·" or missing data. 
* Significant at the 5 percent level. ** Significant at the 1 percent level. 
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levels of these two fats. However, the recalculated metabolizable 
energy value of corn oil was near enough to the original assumed value 
taat the linear effect was not significant for this fat. 
The data on average body-weight-change are presented in Table XI 
and the anaiysis of variance of these data, is given in Table XII. There 
was a significant linear increase in body weight of the hens fed corn 
oil and Marco B-75 as the diet,ary levels of these fats :were increased. 
As the diet,ary level of corn oil was increased, from 4 to 16 percent, 
average body weight gain in the overall summar-y incFeased from 16 grams 
per hen to 272 grams per hen. For the same levels of Marco B-75, 
body-weight-change ranged from 18 grams of gain per h~n to 272 grams 
of gain per hen. These linear increases were significant at the 1 
percent level of probability. Tllere was no consistent or significant 
pattern from period to period in body-weight-change for these treat-
ments. Increases .in the level of dietary Energ-E did not result in 
additional increases in body weight in the overall summary. However, 
this was .to be expected because of the low metabolizable energy 
content of this fat. 
The differences in body-weight-change followed the same general 
pattern as energy intake (Table VII), with the exception of the hens 
I 
fed diets which contained !nerg-!. If the true energy values for 
each fat had been used in calculating the ~ne;gY(Jrit•~~, it probably 
' ,. i· .·<-.,;::et:. -: .: ·, ."_: t; i:' '/ '·:~·-; .. ,· ; .. : , - ' 
would have shown that body-weight-change followed the same pattern as 
energy consumption, regardless of the kind of fat. 
The data on average egg production and the analysis of variance 
of the egg production data are given in Tables XIII and XIV, respectively. 
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TABLE XI 
AVERAGE BODY WElGHT CHANGE, TRIAL I 
Diet 
Percent 
added fat 1 2 
;Period number 






























Grams per hen 
+ 23 -181 +159 
0 - 92 +154 
+ 81 - 45 +117 
I;, 
+ 90 -105 +154 
+ 64 9 +117 
- 27 - 54 +154 
+ 36 - 81 +103 
+ 64 - 73 +145 
+ 45 - 34 +170 
+ 26 - 63 +218 
+ 18 -109 +118 
+ 45 -109 +163 
+ 18 -122 +126 
1 Overall - all periods accumulated a~ one. 
2 Marco B-75 - refer to Table I for description. 
3 Energ-E - refer to Table I for description. 
+ 79 + 79 - 45 
+ 73 + 36 + 16 
+127 + 18 +118 
+145 O +222 
+146 + 36 +272 
+ 27 + 36 + 18 
+ 81 ' + 54 +145 
+100 + 72 +208 
+ 45 + 68 +272 
+ 54 + 9 + 90 
+109 + 27 + 63 
+200 + 9 +190 
+126 + 36 +100 
TABLE XII 
ANALYSIS OF VARIANCE OF BODY WEIGHT CHANGE, TRIAL I 
Period number 
Source 9£ 1 2 3 4 5 6 Overall 
variation d. £. Kean sguares 
Total d. f. 1 58 . 58 61 6·2 ,~53 ; 57 62 
Treatment (12) 
Kind-::of-fat 3 7503 4505 18846 3212 7459 7184 51448 
Corn oil (C) (3) 
~ (1,inear) 1 2SZ57* 9940 9101 1317 8323 77 190183** 
CQ , ~Quadratic) 1 84 14742* 3026 0 1981 l698 . 3251 
Cc Cubic) 1 19966 320 17365 5348 997 715 745 
Marco B- 7 5 (M) (3) 
KL 1 26929* 10604 785 133 12409 3121 157512** 
MQ 1 346 4001 
.,..() 278 5 584 4936,' 
Mc 1 1982 1640 12 1209 290 116 102s· 
Energ-E (E) (3) 
Ei. 1 39 '685 :..: 12943 3612 18654* 221 2460 
EQ 1 1758 3342 130 12551 33704** 1749 2554 
Ee 1 1650 790 -~ # 9162 1563 3 37934 
Error 5546 3003 8716 9347 4546 5696 20242 
Error d. £. 1 46 46 49 50 41 45 50 
1 Total d.£. and error d.f. - the degrees of freedom may change from period to period due to mortality w Vt 
or missing data. 
* Significant at the 5 percent level. ** Significant at the 1 percent level. 
TABLE XIII 36 
AVERAGE BGG PRODUCTION, TRIAL I 
Diet 
Petcent Period number ~~~~~~---~~~---.....,_~~~~~~~~~1 
ad<Jed fat 1 2 3 4 5 6 Overall 
Percent 
No-added-fat 75.0 75.0 57.1 35.7 62.5 81.3 64.0 
4 82.9 85.7 62.9 47,,1 67.1 61. 7 68.0 
8 85.7 85.7 78.6 84.3 85.l 80.0 83.4 
Corn oil 
12 85.7 75.7 81.4 78.6 81.4 83.3 81.0 
16 81.4 82.9 81.4 70.0 84.3 80.0 80.0 
4 81.9 80.0 74.3 58.6 80.0 66.7 73.9 
Marco B-752 
8 45.3 62.9 51.4 52.9 78.6 55.0 61.2 
12 74.3 67.1 65.7 62.9 78.6 76.7 70.7 
16 85.7 82.1 64.3 51. 8 7.14 64.6 70.l 
4 80.0 70.0 71.4 67.1 87.1 88.3 77 .1 
8 72.9 74.3 71. 3 ~4',, ~1' ' · · 80.0 74.9 
lnerg-13 
12 74.3 61.4 48.6 30.0 62.9 73.3 58.0 
16 62.9 57.1 31.4 27.1 55.7 58.3 48.5 
10verall - all periods accumulated as one. 
2 
Harco B-75 - refer to Table I for description. 
31nerg-l - refer to Table I for description. 
TABLE XIV 
ANALYSIS OF VARIANCE OF EGG PRODUCTION: TRIAL I 
Period number 
Source of 1 2 3 4: 5 6 Overall 
variation d.f. Mean squares 
Total d. f. 1 58 58 61 62 53 57 62 
(12) 
Kind-of-fat 3 10.80 14.00 27.70** 44.16* 12.33 6.92 460.32* 
Corn oil (C) ( 3) 
~ (Linear) 1 0.09 1. 69 16.80 16.81 0.31 10.24 184.69 
Q (Quadratic) 1 1.25 1.25 6.04 48.05 0 . 06 7. 20 . 224 . 45 
CC (Cubic) 1 0.01 . 3. 61 0.49 7.29 0.31 0.16 62.42 
Marco 'B~75 (M) ( 3) 
I\ 1 4.25 1.64 1. 59 0.40 2.63 0.86 1. 19 :s 1 25.59* 10.59 9.79 0.94. 1.16 0.03 123.15 -1 25.41* 5.49 11.42 5.11 1. 70 13.70 173.50 
!nerg-E (E) ( J) 
Et; ' 1 16.87 12.21 94. 78** 108.16** 63.15** 16.90 1764.00** 
EQ 1 0.83 1. 68_ 71.44 0.00 0.18' 9.83 44.99 
EC 1 2.13 6.60 · 7 .. 29 17.63 4.44 0.00 80.99 
Error 4.97 6.95 6.23 12.42 5-.25 6.24 123.53 
Error d.f. 
1 
46 46 49 50 41 45 so 
1 Total d.f. and error d.f. - the deg~ees of freedom may change from period to period due to 
mortality or missing data. 




There was a general trend from period to period for egg production to 
be lower for tae hens fed diets which contained no-added-fat and 
Energ-E, as compared to those which received the other diets. These 
differences were significant at tne 5 percent level of probability. 
The average egg production for hens fed diets which contained no added 
fat, corn oil, Marco B-.75 and !nerg-E was 64.0, 78.1, 69.0 and 64.9 
I 
percent, respectively. 
There was a general trend from period to period for a linear 
decline in egg production of the hens fed diets which contained 
!nerg-E. With each increase in the level of dietary Energ-E, there 
was a corresponding decrease in egg production. This effect was 
significant at the 1 percent level of probability during the third 
period and remained highly significant during the remainder of the 
trial. In the overall summary, egg .production was 77.1, 74.9, 58.0 
and 48. 5 .,percent for those hens fed diets which contained 4, 8, 12 
and 16 percent of added Energ-!, resp4c~ively. These results demon-
strate clearly the rapidity with which insufficient energy from a fat 
of low digestibility can cause a decrease in egg production. 
I 
Tae data on efficiency of energy utilization are presented in 
Table XV and the analysis of variance for these data is given in Table 
XVI. Taese efficiency data were also calculated on the assumption 
that each fat furnished the same amount of energy. l"or this reason, 
the statistical significance observed for kind-of-fat and for the 
var.iation within the dietary levels of Marco B-75 and Energ-E are not 
real, though it can be interpreted as a reflection of the low digesti-
bility of these two fats, especially the .Energ-E. 
TABLE XV 





-added · fat 1 2 3 4 5 6 Overall 
Calories per gram of :egg 
No-added-fat 6.49 7. 37 6.34 14.58 8.12 7.Q9 7.78 
4 6.92 6.63 7.91 9.95 7.66 8.01 7.65 
8 6.85 6. 73 6.49 6.17 6.43 6.59 6.54 
Corn oil 
12 7.24 7.76 5.93 6.89 6.85 6 .. 76 6.89 
l.6 10.03 9.90 8.56 10.01 10.47 8. 68 . 9.63 
4 6.35 7.01 6.31 8;39 7.02 6.56 6.89 
3 8 
7.61 8.24 8.65 9.35 6.22 9.13 7.79 
Marco B-75 
12 9.07 7.67 7.19 7.81 9.13 7.83 8.16 
16 9.89 11.24 12.27 13.32 11. 03 11.90 11.40 
4 6.99 8.37 7.62 8.85 6.97 7.10 7.58 
4 8 8 . 06 8.44 6.03 7.61 7.44 7.40 7.49 Energ-E 
12 9.35 11. 79 11. 31 20.09 8.25 9.30 10-. 72 
16 12.50 16.89 19.48 27.47 16.76 1'5.88 - 1,7. 02 
1 The metabolizable energy was consfdered to be the same for all fats. 
2 Overall - all periods accum~lated as one. 
.; 
3 Marco B-75 - refer - to Table I for .description. . , . .... 





ANALYSIS OF VARIANCE OF :gFFICIENCY OF ENERGY 
1 
UTILIZATION, TRIAL I 
Period number 
Source of 1 2 3 4 5 6 Overall 
variation d.·f. Hean· squares 
Total d.f. 2 58 ·58 61 62 53 57 62 
Treatment (12) 
Kind-of-fat 3 .1780 . 5751 .9534** .9236 .2622 .3519 .2869** 
Corn oil (C) ( 3) 
~ 
(Linear) 1 .5012 . 7327 .0353 .0037 .4804 .0098 .1648* 
(Quadratic) 1 .2081 .0819 . 7144* 1. 6762** .2704 . 7182* ·~ 5315*:* 
CQ (C.bic) 1 .0092 .0033 .1267 .0882 .0551 .0106 .0001 C 
Marco B-7 5 (M) ( 3) 
~ 
:1 . 9145 .1082 .7357* .16i7 . 7738 .3955 .6018** 
' 1 .0025 .3475 .0054 .1562 .3802 . 0048 . 1,731 
Mc 1 .0695 1.5108* . 9175* .3044 .2685 . 5279 .8438** 
Energ-E (E) ( 3) 
Ei. 1 1. 0677 .7888 2.0718* 2.7126** 1. 7764** 1.2960**1 . 7030** 
EQ 1 .0035 .2075 .2487 .2952 ' .2282 .0172 .1940** 
Ee 1 .0028 .1451 . 2643 . 9426* .1403 .0000 .0812 
' 
Error .2865 .2113 .1046 .2208 . 1294 .1332 .0237 
-c 
Error d.f. 2 46 46 49 50 41 . 45 50 
', 
1 The metabolizable energy was considered to be the same for all fats. 
2 Total d.',f. · ana error· d. f. - the degrees of freedom may change from period to perioq due to mortality 
or missing data. * Significant at the 5 percent level. 
** Significant at the 1 percent level. .ii-
0 
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There was a trend from period to period in which the. graded levels 
of corn oil tended to exert a quadratic effect on the energy utilization. 
This effect is significant at the 1 percent level of probability in the 
~ 
overall SU111Dary. The numbers of Calories it took to produce a gram of 
egg were 7.65, 6.54, 6.78 and 9.63 for the diets which contained 4, 8, 
12 and 16 percent of corn oil, respectively. The quadratic effect can 
be seen in taese figures. The low efficiency of energy utilization in 
the diets with 4 percent of added corn oil apparently was due to the 
low egg production on this diet. The low efficiency of energy utili-
zation in the diets which contained 16 percent of added corn oil 
evidently was due to the fact that the hens consumed much more digesti• 
ble energy than was necessary for their rate of egg production. 
Data on , the efficiency of protein utilization are SUDlllarized and 
presented in Table XVII with the analysis of variance of the data in 
I I 
Table XVIII. There are significant differences in protein utilization 
,, ' 
among the treatments brought ;about by kind-of-fa.t. This appears to be 
due primarily to the low digestibility of !nerg-E. The efficiency of 
I 
protein utilization was 0.416, 0.359, 0.380 and 0.419 grams of protein 
per gram of egg for hens fed diets which contained 4, 8, 12 and 16 per-
cent of added corn oil, respectively. These figures can be seen in the 
overall summary. Comparable figures for Marco B-75 were 0.375, 0.427, 
0.450 and 0.498; and for Energ-E were 0.412, 0.422, 0.591 and 0.741. 
The graded levels of Marco B-75 and Energ-! res~Jted in a linear 
effect, which was significant at the 5 percent level, for protein 
utilization in the overall summary. From a previo~s discussion, it is 
apparent that this linear effect was due .to the fact that as the 
42 
TABLE XVII 
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1 Overall · · all periods accumulated as one. 
i 
2 Marco B-75 - refer to Table I for des~ription, 
, ·· 








































ANALYSIS Ol" VARIANCE Ol" EFFICIENCY OF PROTEIN UTILIUTION, TRIAL I 
Period number 
Source of 1 2 3 . 4 5 6 Overall 
variation d. f. Mean squares 
Total .d.f. 1 58 58 61 62 53 57 62 
Treatment (12) 
Kind-of-fat 3 0.613 2.125* 3.328** 3.704** 1.036 0.870 1.113** 
Corn oil (C) ( 3) 
~ (Linear) 1 0.390 0. 769 0.194 0.634 0.460 0.981 0.001 
CQ (QUadratic) 1 0.062 0.004 0.,764 , 3.210* 0.182 0.753 0.533 
Cc (Cubic) 1 0.004 0.124 0.129 0.363 , 0.048 0.235 0.055 
Marco B-7 5 (M) ·c 3) 
ML 1 1.270 0.002 1.173 0.091 1. 727 0.451 0.819* 
MQ 1 0.184 0.356 0.381 0.094 0.573 0.111 0.062 
Mc 1 0.513 4.082* 2.384* 0.673 1.307 1. 267 0.090 
Energ-E (E) ( 3) 
Ei. 1 2.017 1.642 5. 329** 7.813 4.299 2. 559* 3.981** 
:g 1 0.091 0.253 0.353 0.642 0.269 0.003 _ 0.220 l 0.005 0.679 1.0~2 3.405* 0.310 0.000 0.433 I 
Error 0.963 o. 717 0.372 o. 775 2.893 0.506 0.150 
Error d. f. 1 46 49 50 41 45 45 -so 
1 Total d.f. ~nd error d.f. '- the degrees of freedom may change from. period to .period due to mort~lity 
or missing data. 
* Significant at the 5 p~rcent level. 
** Significant at the 1 percent level. 
• I..) 
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dietary levels of these two fats were increased, the energy-protein 
ratios became smaller. This caused some protein to be used as energy, 
at the higler dietary levels of fat. 
TRIAL II 
Purpose 
Trial II was conducted to study the effect of yeast culture and 
i 
lecithin on the digestibility of fat when the two are added, separately 
and in combination, to diets of laying hens. The specific fats used 
in this trial were corn oil, feed-grade tallow and Sifteen. Sifteen is 
a powdered shortening in which soybean and cottonseed oil have been 
I 
combined with liquid milk and spray dried. This product is manufactured 
by Kraft Foods, Division of National Dairy Products Corporation, Forest 
Lane, Garland, Texas. 
Procedure 
The basal diets for this trial are given in Table XIX, and the 
experimental design is presented in Table XX. Basal 1 was formulated 
to contain 8 percent of added corn oil or tallow. Basal 2 was formulat-
ed so that Sifteen could be added at a level which would furnish 8 
percent of added ~at. It was necessary to have a separate basal for 
Sifteen because it contained approximately 12.5 percent of protein. 
This trial consisted of five experiments. A simple-reversal or 
cross-over design was used in each experiment. Treatments 1 and 2 
consisted of diets which contained corn oil with and without the 
addition of yeast culture, respectively. These, as described above, 
were fed for six weeks, at which time, yeast culture was added to 
45 
TABLE XIX 
COMPOSITION OF BASAL DIETS, TRIAL II 
Basal m.unber 
Ingredients 
Fat (corn oil or tallow) 
Sifteen1 
Ground yellow corn 
Ground milo 
Starch 
Oat mil 1 feed 
Wheat shorts 
Alfalfa meal (17Z protein) 
Fish meal (60Z protein) 
Soybean oil meal (441 protein) 
Yeast, dried brewers2 
Molasses 












2 . 0 
Dried condensed fermented corn extrac t ives3 2.0 




Trace mineral mix5 
dl:_Methioni ne 
Chromic oxide 
Ca lculated Analysis 
Crude protein (percent) 
Ca lories (M.E.) 6 per pound 
Calor i e:protein rat i o 
Calcium (percent ) 
Avai lable phosphorus (percent) 
Crude fiber (percent) 












































Footnotes for Table XIX 
1. Sifteen - powdered shortening in which soybean and cottonseed oil 
have been combined with liquid milk and spray dried. Kraft Foods, 
Division of National Dairy Products Corporation, Forest Lane, 
Garland, Texas. 
2. Yeast, dried brewers - was removed when yeast culture was added. 
3. Dried condensed fermented corn extractives - refer to Table II. 
4. VC-55 - Vitamin concentrate. Refer to Table II for levels of 
supplementation. 
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5. Trace mineral mix - Refer to Table II for level of supplementation. 
6. (M.E) - Metabolizable energy (Titus, 1955). The metabolizable 
energy was considered to be the same for each fat, for the purpose 
of comparison. The value used was 3960 Calories per pound. 
TABLE XX 
EXPERIMENTAL DESIGN, TRIAL II 
· suEElement 
Basal No. TyEe of fat 1-6 weeks 
1 None 
Corn oil 




2 Yeast culture 
1 None 
Tallow 
Lecithin 3 1 
1 None 
Tallow 




Yeast 1culture 1 
+ lecithin 













2 Yeast culture was added at a level of 3 percent in place of 3 
percent of dried brewers yeas.t. 
3 Lecithin was added to the basal at a level of 0.25 percent. 
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Treatment 1 and removed from Treatment 2. This experiment continued for 
an additional 6 weeks, at which time it was terminated. This con-
stituted one cross-over experiment. Pour other experiments were con-
ducted in the same way and were designed by combining the treatments 
in the following manner: 3 and 4 contained Sifteen with and without 
I 
yeast culture, 5 and 6 contained tallow with and without lecithin,,-, 
6 and 7 contained tallow with and without yeast culture, and 9 and 10 
contained tallow with and without the yeast cul~ure-lecithin com-
bination. It can be seen in Table XX that, if the first and last 
6-week periods are considered independent of each other, treatments 
I 
which contained tile tallow basal are in a 2 x 2 factorial arrangement 
of yeast culture and lecithin. When the first and last 6-week periods 
are considered separately, all 10 treatments are in a hierarchical 
classification with kind-of-fat being the highest classification. The 
treatments were completely randomized with 5 replications each. 
When yeast culture was not present in a diet, dried brewers yeast 
was added. This was done in order to supply the diet with factors 
I 
other than lipase furnished by the yeast culture. Tlte assumption was 
. ~ I 
made that yeast culture and dried brew~rs yeast had similar properties, 
wita tae exception of l~pase activity. However, these two sources of 
yeast differ greatly in their nutritional properties, therefore this 
I 
was probably an invalid assumption. 
Pecal samples used in the determination of fat digestibility were 
collected at the end of the fourth, sixth, tenth and twelfth weeks. 
Body weight and feed consumption data were recorded at the end of each 
2-week perio~. 
Analyses of variance were performed on the data from this trial 
in two ways: (1) by the method for cross-over designs, in which a 
comparison was made between the first 6-week period and last 6-week 
period; and (2) by analyzing the first and last 6- week periods in-
dependently of each other. For the fat digestibility data, com-
parisons were made between the fourth-week and tenth-week data and 
between the sixth-week and twelfth-week data. For all other data 
the comparisons were made between the accwnulated summary of 1 
through 6-week data and 7 through 12-week data. It was necessary to 
perform the second analysis in order to study the differences among 
the kinds of fat and to check for interaction of lecithin and yeast 
culture. This analysis was performed by the Doolittle technique 
{Goss, 1961 ). The cross-over analysis was performed by the method 
outlined by Lucas (unpublished notes ) . 
Results 
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The summary of fat digestibility data is given in Table XXI and 
the analyses of variance of these data are presented in Tables XXII and 
XXIII. The analyses of variance by both the cross-over method and the 
method in which the first and last 6- week periods are considered 
separately, show that there are no differences in digestibility of 
corn oil due to yeast culture . The average digestibility of corn 
oil was 92.1 percent. 
The cross - over analyses show that yeast culture improved the 
digestibility of Sifteen. This was significant at the 10 percent 
level of probability for the 4- week, 10-week comparison. The 12-week 
TABLE XXI 




































6 Supplement 10 
90.9 Yeast culture 92.3 
88.7 None 90.3 
88.0 Yeast culture 94.1 
91.1 None 92.0 
78.0 Lecithin 92.2 
83.9 None 90.0 
76.3 Yeast culture 91.5 
78.0 None 88.6 
Yeast culture 
74 . 0 + leci~hin 89 . 8 
84.9 None 90.8 












90 . 1 
88.7 
1 For the analysis of variance for interaction of yeast culture and 
lecithin, all the hens which received tallow diets with no supple-
ment were considered together as one treatment. Tbey were 
summarized in this way so comparisons could be made. 
* Digestion coefficients were not obtained. 
TABLE XXII 
ANALYSES 01' VARIANCE AND ADJUSTED TREATMENT MEANS FOR COJl:1'1'ICIENTS or 
FAT DIGESTIBILITY IN TRIAL II AS CALCULATED BY THE CROSS-OVER METHOD 
Comparisons ltind of 
fat 
Source of 










































93 . 7 
90 . 0 
86 . 9 
85 . 5 
88 . 0 




























d . f. 
1 
6 
















83 . 3 
11 . 84 
85 . 9 
84.2 
M, S. 
17 . 04 
8. 60 
88.8 
82 . 6 
M. S. 
116 . 56* 
9. 93 
Twelve-week fat digestibility data were not obtained for Sifteens; therefore the 6-week 
data were compared to the 10-week data. 
2 
Signi ficant at the 10 percent level . 
• Significant at the 5 percent level. 




ANALYSIS OF VARIANCE FOR COEFFICIENTS OF FAT DIGESTIBILITY FOR TRIAL II 
WITH WEEKS 1 THROUGH 6 CONSIDERED INDEPENDENT OF WEEKS 7 THROUGH 12 
Source of 
variation 
















Yeast culture (Y) 
~djusted for L 1 
LxY adjusted 
for L and Y 
Error 






25. 28 , 
27.22 








565. 67** 13.722 
12.10 8.53 



















1 Total d.f . and error d.f. - degrees of freedom may change from 
period to period due to mortality or missing data . 
2 Significant at the 10 percent level. 
* Significant at the 5 percent level. 
** Significant at the 1 percent level. 
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digestibility data were not obtained; therefore, the comparison was 
made between the sixth-and tenth-week data. This did not allow for 
equal adjustment time for the hens on each treatment. For this reason, 
the highly significant results obtained may not be valid. The, average 
adjusted mean for the digestibility of Sifteen was 93.2 percent when 
yeast culture was present and 89.7 percent when yeast culture was not 
present. When the first and last 6-week periods are considered 
independently, the analysis of variance does not show significant 
differences in the digestibility of Sifteen. 
Lecithin did not cause a significant increase in the digestibility 
of tallow as indicated by the cross-over analysis for the 4-week, 
10-week comparison, but there was significance at the 10 percent level 
for the 6-week, 12-week comparison. When the first and last 6-week 
periods were considered independently, there was significance due to 
lecithin at the 1 percent level of probability for the 6-week analysis, 
but no significance for the other weeks of the trial, The adju1ted 
mean for the dige1tibility of tallow for the 4-week, 10-week com• 
pari1on wa1 86.9 percent when lecithin wa1 pre1ent and 85.S percent 
when lecithin was not pre1ent. ror the 6-week, 12-week compari1on, 
the mean dige1tibility of tallow was 86.3 percent with lecithin, and 
., 
83. 3 percent without lecithin,~ 
The effect of yeast culture on the digestibility of tallow was 
similar to that of lecithin when such was added separately. The 
adjusted means for digestibility of this fat when yeast culxure was 
present in the di'ets were 88.0 percent for the 4-week, 10-week com-
parison and 85.9 percent for the 6-week, 12-week comparison. When 
yeast culture was not present, the means were 85.7 and 84.2 percent 
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for the 4-week, 10-week and 6-week, 12-week comparisons, respectively. 
The 6-week, 12•week comparison was significant at the 10 percent level 
of probability, but the 4-week, 10-week comparison w~s not significant. 
When the first and last 6-week periods were considered separately, 
there was significance at the 1 percent level of probability for the 
twelfth week, but there was no significance for the other weeks. 
When yeast culture was added to the ditts in combination with 
lecithin, the slight increase in digestibility observed when tne 
two were added singly ~ppears to be additive to a slight degree. In 
' 
the cross-over analyses of variance there was significance at the 
10 percent level for the 4-week, 10-week comparison, and the 6-week, 
12-week comparison was significant at the 5 percent level of probability. 
In the analysis in which the first and last 6-week periods were con-
sidered independently, interaction is present at the 5 percent leve~ 
for the twelfth week. The adjusted digestibility means for the 4-
week, 10 week and 6-week, 12-week comparisons are 88.9 and 88.8 
respectively, when yeast culture and lecHhin are added together. 
When neither of the two additives was present in the diet the mean 
digestibility values . were 86.2 and 82.6. 
As shown in Table XXIII, the mean squares for kind-of-fat are 
aignificant for each period. This was ,to be expected, however, 
because the digestibility of tallow was from about 2 to 10 percent 
lower than either corn oil or S~fteen throughout the trial. 
Tae data on averaae daily feed con1umption are pre,ented in 
Table XXIV, The analyses of variance for thHe data are given in 
Tables X:XV '. and XXVI, , When the analyses of variance were performed by 
the cross-over method, there were no significant differences due to 
TABLE XXIV 
AVERAGE DAILY FEED CONSUMPTION, TRIAL II 
Type of Weeks of t ria l Weeks of trial 
fat Supplement 1-2 3-4 5-6 1-6 Supplement 8 9-10 11-12 7-12 
Grams per hen Grams per hen 
None 120. 0 90.8 94.1 102.4 Yeast culture 88.9 105.4 98 . 1 96 . 8 
Corn oil 
Yeas t culture 106. 4 115.0 105. 7 108 . 6 None 95.3 98. 6 lll. l 101.0 
None 77.8 97.9 96.0 90.6 Yeast culture 92 . 4 93 . 0 76 . 2 86 . 7 
Sifteen 
Yeast culture 83 . 0 97.2 86 . 3 88.8 None 79 . 3 83.7 68 . 8 77.2 
None 124. 9 96.4 115.1 112. 2 Lecithin 104.4 87 . 6 80 . 6 89 . 8 
Tallow 
Leci t hin 133 . 6 95.3 110. 9 113. 3 None 111.6 126.5 101.3 113.0 
None 113. 5 83.2 81. 9 93.7 Yeast culture 92.1 82 . 4 61. 6 79.9 
Tallow 
Yeas t cultur e 124.5 92.7 110.9 109.4 None 107.0 99 . 2 85. 1 98.0 
Yeast culture 
None 112 . 9 89. 7 96. 2 102.0 + l ecithin 90. 2 77 . 2 87 . 6 85. 0 
Tallow 
Yeast culture 
+ lecithin 113 . 1 77.2 98.9 96 . 2 None 77.0 75. 7 85 . 9 79.9 
Accumulation of tallow 
no supplementl 118 .1 90.5 97.9 103.0 100. 1 102 .4 90.8 97 . 9 
1 










ANALYSES OF VARIANCE AND ADJUSTED TREATMENT MEANS FOR DAILY FEED CONSUMPTION 
IN TRIAL II AS CALCULATED BY THE CROSS-OVER METHOD 
Comp_arison 
accumulated weeks Kind of Source of 




97.6 gm. / hen/ day 
103.4 " 






Treatment -- ---- -- 1 6.36 
Error 8 330.08 
Ad iusted means 
Yeas t culture 86. 8 gm. / he;;/day 
None 84.4 gm . 
d. f . M.S. 
Treatment 1 9.96 














1-6 and 7-12 
Adjusted means 
102.2 gm. / hen / day 
112.2 " 
d . f. M.S. 
1 483 . 02 
7 160.60 
Adjusted means 
93.3 gm./hen / day 
96.0 " 
d. f. M. S. 
1 31. 38 
7 . 61. 79 
Adjusted means 
93.7 gm./hen/day 
91. 9 " 
d. f. M. S. 
1 13. 72 
7 119 67 
V, ..... 
TABLE XXVI 
ANALYSIS OF VARIANCE OF DAILY FEED CONSUMPTION FOR TRIAL II WITH WEEKS 1 THROUGH 6 CONSIDERED INDEPENDENT OF 
WEEKS 7 THROUGH 12 
Weeks of trial 
Source of 1-2 3-4 5-6 1-6 7-8 9-10 11-12 7-12 
llliJ::ia.ti'2D i;l f HeaD sQuax:es 
Total d.f. 1 47 42 44 47 46 41 41 46 
Treatment (7) 
Kind of fat 2 5952** 659 523 899* 503 486 2299* 439 
Corn oil 
Yeast culture 1 462 1168* · 337 77 103 104 339 451 
Sifteen 
Yeast culture 1 67 1 237 7 386 161 124 153 
Tallow 
Lecithin (L) 
unadjusted 1 126 147 75 1 48 1161 5 210 
Yeast culture(Y) 1 
adjusted for L 87 245 57 47 495 1583 991 756 
LxY adjusted 
for Land Y 1 1179* 596 841 903* 14 95 1674 147 
Error 202 275 343 169 498 572 534 459 
Error d. f. 1 40 35 37 40 39 34 34 39 
1 
Total d.f. and error d.f. - the degrees of freedom may change from period to period due to mortality or 
missing data. 
* Significant at the 5 percent level . 




yeast culture or lecithin. However, in the analysis for yeast culture 
x lecithin interaction, significance is indicated for the 1-2 week and 
for the 1-6 week data. The average daily feed consumption for the hens 
fed diets which contained yeast culture plus lecithin for the first 6-
~ 
week period was 96.2 grams per hen per day, whereas the hens on the 
other treatments consumed from 103.0 to 113.3 grams per hen per day. 
This difference in feed consumption cannot be explained on the basis 
of fat digestibility, since the same trend was not observed during the 
last 6 weeks of the trial. 
The analysis of variance for daily feed consumption in Table XXVI 
shows significance for kind-of-fat for the 1-2, 1-6 and 11-12 week 
periods. This appears to be due to the low feed consumption of the 
hens fed the diets which contained the sifteen as compared to those 
which received either corn oil or tallow. It seems unlikely that this 
can be explained on the basis of greater energy provided by the 
Sifteen, because the digestibility of this fat was approximately the 
same as that of corn oil. 
The data on average daily energy consumption of the hens in 
, i 
Trial II are presented in Table XXVII, with the statistical analysis 
for these data in Table XXVIII, Since all the diets in this trial were 
formulated with the same number of Calories per pound, the energy 
consumption was a function of the feed consumption. For this reason, 
unless the energy furnished by the fat in one diet is greater than 
that of another diet, the differences in energy consumption should 
follow the same pattern as that of feed consumption. If each fat 
furnished the same energy per unit of weight, which was the assumption 
made when the diets were formulated, and if the energy value which 
TABLE XXVII 
AVERAGE DAILY ENERGY1CONSUMPTION, TRIAL II 
Tvpe of Weeks of trial Weeks of trial 
fat Sur::element 1-2 3-4 5-6 1-6 Su:e:element 7-8 9-lC 11-12 7-12 
Calories per hen Calories per hen 
None 371 281 291 317 Yeast culture 275 326 304 300 
Corn oil 
Yeast culture 329 356 327 336 None 295 305 344 313 
None 245 308 302 285 Yeast culture 291 293 240 273 
Sifteen 
Yeast culture 262 306 272 280 None 250 264 217 243 
None 386 299 356 347 Lecithin 314 271 249 278 
Tallow 
Lecithin 414 295 343 351 None 345 392 314 350 
None 351 258 253 290 Yeast culture 385 255 191 247 
Tallow 
Yeast culture 385 287 343 339 None 331 307 263 303 
Yeast culture 
None 349 278 298 316 + lecithin 279 239 271 263 
Tallow 
Yeast culture 
+ lecithin 350 239 306 298 None 238 234 266 247 
Accumulation of tallow, 
no s u:e:element2 366 280 303 319 310 317 281 303 
l 
The metabolizable energy value was considered the same for all fats. 
Refer to footnotes to Table XX. 
(J\ 
2 Tal low ~i th no supplement cons i dered as one. 
0 
Refer to foo tnotes to Table XXI. 
TABLE XXVII I 
ANALYSIS OF VARIANCE OF DAILY ENERGY1 CONSUMPTION FOR TRIAL II WITH WEEKS 1 THROUGH 6 CONSIDERED INDEPENDENT OP WEEKS 
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Error d. f. 2 40 35 37 40 39 34 
1 . 






















Total d.f. and error d.f. - the degrees of freedom may change from period to period due to mortality or missing data . 
*significant at the 5 percent level. 
** Significant at the 1 percent level. 
°' I-
was used was correct, tne Calories consumed per hen per day were 
316, 270, and 302 for corn oil, Sifteen and tallow, respectively. 
It is obvious from the digestibility data that these assumptions are 
not true. However, the feed consumption data do not reflect any real 
differences. Although tallow had a somewhat lower digestibility than 
corn oil and apparently had less metabolizable energy, the hens fed 
diets which contained tallow appeared to be satisfied with the same 
quantity of feed as the hens which received the corn-oil diets. 
Protein consumption data for this trial are presented in Table 
XXIX, and the analysis of variance of the data in Table XXX. These 
data are in direct correlation with that of feed consumption, and 
the order of significance is similar to that observed for feed con-
sumption. The average grams of protein consumed per hen per day were 
17.5, 14.9, and 16.6 for corn oil, Sifteen and tallow, respectively. 
62 
Data on average body-weight-change of the hens in Trial II are 
summarized in Table XXXI. The analysis of variance by the cross-over 
method is given in Table XXXII, and the analysis in which the first 
and last 6-week periods of the trial are considered independently is 
given in Table XXXIII. The hens fed the Sifteen diets supplemented 
with yeast culture lost significantly less weight than did those that 
were fed the same diets without yeast culture. This is evident from 
the cross-over analysis ~Table XXXII). Those which received yeast 
culture had a mean body-weight-change of minus 45 grams per hen, while 
those which did not receive yeast culture lost an average of 121 grams 
per hen. This could logically be attributed to the fact that the fat 
in Sifteen was digested to a greater extent by the hens which received 
yeast culture than by those which did not receive yeast culture. 
TABLE XXIX 
AVERAGE DAILY PROTEIN CONSUMPTION, TRIAL II 
Weeks of trial Type of 
fat Supplement 1-2 3-4 5-6 · 1-6 Suppl ement 
',._,,Crams per hen 
None 20 . 4 15.4 16. 0 17 . 4 Yeas t culture 
Corn Oi l 
Yeast culture 18.1 19.5 18.0 18.4 None 
None 13. 5 16. 9 16.6 15. 7 Yeast culture 
Sifteen 
Yeast culture 14 .4 16.8 14. 9 15.4 None 
None 21. 2 16.4 19.6 19.1 Lecithin 
Tallow 
Lecithin 22.7 16.2 18. 9 19 . 3 None 
None 19.3 14.2 13. 9 15. 9 Yeast culture 
Tallow 
Yeast culture 21.2 15.7 18 . 8 18. 6 None 
Yeast culture 
None 19.2 15.3 16.4 17. 3 + lecithin 
Tallow 
Yeas t culture 
+ lecithin 19. 2 13.1 16.8 16 . 3 None 
Accumulation of tallow 
no su;e:element 1 20.l 15.4 16. 6 17 . 5 
1 
Tallow with no supplement considered as one. Refer t o foot notes t o Table XXI . 
Weeks of t rial 
7-8 9-10 11-12 7- 12 
Grams per hen 
15.1 17.9 16. 7 16.5 
16.2 16.8 18.9 17 . 2 
16.0 16.1 13.2 15. 0 
13.7 14. 5 11. 9 13.4 
17.2 14.9 13. 7 15.3 
19 . 0 21. 5 17. 2 19. 2 
15.7 14.0 10.5 13 .6 
18.2 16.9 14 . 5 16. 7 
15.3 13.1 14. 9 14.5 
13.1 12.9 14.6 13 . 6 




ANALYSIS OF VARIANCE OF DAILY PROTEIN CONSUMPTION FOR TRIAL II WITH WEEKS 1 THROUGH 6 CONSIDERED INDEPENDENT OF WEEKS 
7 THROUGH 12 
Weeks of trial 
Source of 1-2 3-4 5-6 1-6 7-8 9-10 11-12 7-12 
variation d . f. Mean s9.uares 
Total d . f . 1 47 42 44 47 46 41 41 46 
Treatment (7) 
Kind of fat 2 160 . 02** 21. 36 11 . 44 20 . 77* 11.42 12.18 62.27* 9.68 
Corn oil 
Yeast culture 1 13. 36 33.82* 9 . 76 2.24 2.98 3.01 9. 79 13.11 
Sifteen 
Yeast culture 1 2 . 02 0.03 7. 08 0.22 11.53 4.85 3 . 71 4.57 
Tallow 
Lecithin (L) 
unadjusted 1 3.67 4 . 26 2 . 19 0.04 1.42 33.61 0.15 6. 10 
Yeast culture (Y) 
adjusted for L 1 2.52 7. 09 1. 67 1. 37 14.37 45.74 28.70 21. 82 
LxY adjusted 
for L and Y 1 34. 12* 17 . 21 24.30 26 . 21* 0.42 2. 77 48.39 4 . 29 
Error 5.88 8.00 9. 97 4. 91 14.43 16 . 57 15.49 13 . 29 
Error d.f. 1 40 35 37 40 39 34 34 39 
1Total d.f. and error d.f. - the degree s of freedom may change from period to period due to mortality or missing data . 
* Significant at the 5 percent l evel. 
** Significant at the 1 percent level . 
°' .;--
TABLE XXXI 
AVERAGE BODY WEIGHT CHANGE, TRIAL II 
Type of Weeks of trial Weeks of tria l 
fat SuEelement 1-2 3-4 5-6 1-6 SuEElement 7-8 9-10 11-12 7-12 
Grams per hen Grams per hen 
None +109 - 91 00 + 38 Yeast culture -127 +237 -171 - 84 
Corn oil 
Yeast culture +109 -136 + 27 + 29 None -125 +200 -159 - 58 
None -164 + 9 -109 -263 Yeast culture +182 -106 + 68 +186 
Sifteen 
Yeast culture -118 - 54 - 82 -254 None +182 -173 + 27 + 36 
None +159 -125 + 23 + 57 Lecithin - 91 +136 -125 - 80 
Tallow 
Lecithin +183 -146 + 37 + 54 None - 67 +238 -136 + 21 
None + 68 -106 - 45 - 45 Yeast culture - 82 +238 -193 + 49 
Tallow 
Yeast culture + 63 - 81 + 9 - 10 None -145 +218 -125 - 29 
Yeast culture 
None + 54 - 91 00 - 00 + lecithin - 36 +136 -145 - 45 
Yeast culture 
+ lecithin + 18 -166 00 - 87 None - 182 +166 - 57 -120 
Accumulation yf tallow, 
no supplement + 94 -109 - 8 - 4 -126 +21 2 -106 - 39 
1 
Accumulated treatments considered as one. Refer to footnotes to Table XXI. 
°' V1
TABLE XXXII 
AN ALYSES OF VARIANCE AND ADJUSTED TREA'mENT MEANS FOR BODY WEIGHT CHANGE IN TRIAL II AS CALCULATED BY THE CROSS-OVER METHOD 
Com12arison Com12arison 
Kind of Source of Accumulated weeks Kind of Source of Acc\DTiulated weeks 
f a t variation Supplement 1-6 and 7-12 fat va!_iation ~~upplement 1-6 and 7-12 
-- --- -- - --~----
Adjusted means 
Lecithin -10 gm. / hen 
Tallow 
None +40 gm./hen 
Adjusted means 
Yeast culture -23 gm. /hen 
Corn oil / d . f. M.S. 
None - 9 If Treatment 1 11177 
d. f. M.S . Error 7 4251 
Treatment 1 925 
Error 8 8718 
Adjusted means 
Yeast culture -47 gm. /hen 
Tallow 
None -24 gm./hen 
d . f. M.S. 
Treatment 1 2310 
Error 7 14099 
Adjusted means 
Yeast culture -45 gm. /hen-
Sifteen 
None -121 gm . / hen iliusted means 
Yeast culture 
d. f. M.S. + lecithin -42 gm./hen 
Treatment 1 26129* Tallow 
None -58 gm./hen 
Error 7 2927 
d . f. M. S. 
Treatment 1 172 
°°' °°' Error 7 21909 
* 
Sif ~if i ca nc a t t he 5 perce~t level . 
TABLE XXXI II 
ANALYSIS OF VARIANCE OF BODY WEIGHT CHANGE FOR TRIAL II WITH WEEKS 1 THROUGH 6 CONSIDERED INDEPENDENT OF'. WEEKS 7 THROUGH 12 
Weeks of tr i al 
Source of 1-2 3-4 5-6 1-6 7-8 9-10 .. 11-12 7- 12 
variation d. f. 
Total d. f. 47 42 44 47 46 41 41 46 
Treatment (7) 
Kind of fat 2 216293** 29457* 41661** 277645** 302768** 378123** 123847** 86989* 
Corn oil 
Yeast culture 1 0 4095 1822 202 0 3362 264 828 
Sifteen 
Yeast culture 1 5198 10112 1849 211 0 8367 3744 40081 
Tallow 
Lecithin (L) 
unadjusted 1 385 3128 3119 752 17735 26198 407 192 
Yeast culture (Y) 
adjusted for L 1 34969** 7333 98 22902 13896 996 18005 . 2625 
LxY adjusted 
for Land Y 1 20468* 468 3846 23659 132 564 5739 646 
Error 3424 5915 3931 6631 8572 6710 6362 16014 
Error d.f. 1 40 35 37 40 39 34 34 39 ·- ···· 
1 
Total d.f. and error d.f . - degrees of freedom may change from period to peri od due to mortality or missing data. 
* Significant at the 5 percent level . 
** Significant at the 1 percent level. 
°' " 
Since the hens fed diets with and without yeast culture consumed 
approximately the same quantity of feed per· day, those which received 
the yeast culture diets consumed greater quantities of metabolizable 
energy per day, and thereby maintained body weight at a higher level. 
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There were no significant differences in body-weight-change caused 
by yeast culture or lecithin in the corn oil and tallow diets. There 
were eitaer. significant or highly significant differences for each 
period in body-weight-change due to kind-of-fat. This apparently 
was caused by the fact that hens which received Sifteen were out of 
phase with the hens fed the other two fats, insofar as body-weight-
change by periods is concerned. For the 1-6 week sUD1Dary, the. 
average body-weight-change was +34, -259 and -7 grams per hen for 
corn oil, Sifteen and tallow, respectively. For the 7-12 week summary, 
the average body-weight-change was -71, ,+lll and -33 grams per hen for 
corn oil, Sifteen and tallow, respectively. For the entire trial the 
hens fed all diets lost and gained similar amounts. For this reason, 
it is unlikely that the apparent significant differences due to kind-
of-fat are of much importance. 
Egg production data of tQ~ hens in Trial II are presented in Table 
XXXIV, with the analyses of variance in Tables XXXV and XXXVI. There 
were no significant differences in egg production, as indicated by 
either the cross-over analyses or the analyses which considered the 
first and last 6-week periods independently. The average egg 
production was 70.1, 62.1 and 65.9 for corn oil, Sifteen and tallow, 
respectively. 
The summary of data on efficiency of energy utilization, expressed 
as Calories per gram of egg, is presented in Table XXXVII and the 
TABLE XXXIV 
AVERAGE EGG PRODUCTION, TRIAL II 
Weeks Type of 
fat Supplement 1-2 3-4 5-6 1-6 S~lement 
Percent 
None 72 . 9 67.9 71.4 70 . 9 Yeast culture 
Corn oil 
Yeast culture 61.4 80.4 72. 9 70.9 None 
None 72. 9 61.4 . 61.4 65 . 2 Yeast culture 
Sifteen 
Yeast culture , 67 . 1 67 . 1 64.3 66.2 None 
None 75. 0 67.8 75.0 75.6 Lecithin 
Tallow 
Lecithin 64. 3 71.4 65 . 7 67.1 None 
None 76.8 73.8 64.3 71.4 Yeast culture 
Tallow 
Yeast culture 72. 9 70.0 72. 9 71. 9 None 
Yeast culture 
None 67.1 66.7 61. 9 64.3 + lecithin 
Tallow 
Yeast culture 
+ lec i thin 68 . 6 65.7 57.1 64.3 None 
Accumulation of tallow, 
no supplement! 75 . 0 72.9 67 . 5 71. 9 
1 
Tallow with no supplement considered as one. Refer to footnotes to Table XXI . 
Weeks 
7-8 9-10 11 - 12 7-12 
68.6 69.6 69 .6 69.2 
71.4 68.6 71.4 70.4 
58 . 9 50.0 53.6 54.5 
57.1 68.6 61.4 62 . 4 
75.0 57.0 73.2 74.4 
70.0 46. 4 60. 7 59. 9 
68.6 64.3 53.6 62.8 
71.4 64. 3 66. 1 67.3 
61.4 58. 6 68.6 62.9 
46 . 4 57.1 46.4 49 . 4 




ANALYSES OF VARIANCE AND ADJUSTED TREA1MENT MEANS FOR EGG PRODUC'i'iON IN TRIAL II AS CALCULATED BY THE CROSS-OVER METHOD 
Kind of Source of 

















d. f. M.S. 
1 6. 96 
8 10. 60 
Adjusted means 
61. 6 percent 
60.8 II 
d. f. M. S. 
1 2.82 
7 40.47 





















1-6 and 7-12 
Ad jus t ed means 
70 . 2 percent 
68 . 4 percent 





















ANALYSIS OF VARIANCE OF EGG PRODUCTION FOR TRIAL II WITH \./EEKS 1 THROUGH 6 CONSIDERED INDEPENDENT OF WEEKS 7 THROUGH 12 
Weeks of trial 
Source of 1-2 3-4 5-6 1-6 7-8 9-10 11-12 7-12 
variation d. f. Mean s uares 
Total d. f. 1 47 42 44 47 46 /11 41 46 
'i r eatment (7) 
Kind of fat 2 0 . 78 4.58 4.32 2. 96 7.01 3. 75 7. 04 18. 39 
Corn oil 
Yeast culture 1 6. 70 6. 13 0 . 10 0.00 0. 40 0 . 05 0.13 14.39 
Sifteen 
Yeast culture 1 1. 60 1. 60 0 . 40 0 . 40 0.14 12.67 2.68 60.08 
Tallow 
Lecithin (L) 
unadjusted 1 4 . 83 1. 30 6.00 1.40 0. 70 8.70 21. 93 225.89 
Yeast culture (Y) 
adjusted for L l 0.45 1. 90 0 . 00 9. 60 0 . 52 0.01 1. 95 0.00 
LxY adjusted 
for L and Y 1 0 . 45 0.23 5.10 76 . 58 9. 16 12.13 0.00 82.94 
Error 3.99 3.07 8.85 42.55 4.88 10.12 5. 20 62.23 
Error d.f. 1 40 35 37 40 39 34 34 39 
1 
Total d . f. and error d.f. - the degrees of freedom may change from period to period due to mortality or missing data . 
....., .... 
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analyses of variance for these data are given in Table XXXVIII. There 
were no consistent differences in these data among the various treat-
ments. When calculations were made to obtain these efficiency values, 
the diets for all treatments were considered to have the same level 
of. energy. Since there were no differences in egg production and 
no significant differences in feed consumption, the differences ob-
served in fat digestibility were not reflected in these data. The 
efficiency values were 7.38, 7.20 and 7.66 Calories per gram of egg 
for corn oi l, Sifteen and tallow, respectively. 
Data on the efficiency of protein utilization are summarized and 
presented in Table XXXIX, with the analysis of these data in Table XL. 
After studying the data in these two tables, it was concluded that the 
statistical significance found here was due to a random variation. The 
average efficiency of protein utilization was 4.02, 3.96 and 4.20 for 
corn oil, Sifteen and tallow, respectively . 
TABLE XXX'.'l I 
EFFICIENCY 01 ENERGYl UTILIZATION, TRIAL II 
Type of Weeks of trial 
fat Sueelement 1-2 3-4 5-6 1-6 Sueelement 7-8 9-10 11-12 7-12 
Calories per gram of egi Calories per gram of egg 
None 8.83 6 . 74 6.67 7 .45 Yeast culture 6.50 7.52 6.88 6 . 93 
Corn oil 
Yeast culture 8. 94 7.17 7.28 7. 75 None 6.83 7.42 7.54 7. 24 
None 5.75 8.58 8.54 7.53 Yeast culture 8 . 40 9.86 7.51 8 . 45 
Sifteen 
Yeast culture 6.33 7.25 6.75 6.78 None 6. 87 6.03 5.59 6.14 
None 9. 22 6.83 8.32 8. ll Le.c:ithin 7.37 6.33 5.92 6.54 
Tallow 
Lecithin 10 . 66 7.74 8.35 8.51 None 8.02 14.24 8.26 9.53 
None 8 . 50 6.09 6.96 7.29 Yeast culture 7.26 6.83 6.09 6. 81 
Tallow 
Yeast culture 8.83 6 . 89 7.54 7.76 None 7.96 7.98 6.51 7. 55 
Yeast culture 
None 9. 01 8 . 51 8.51 8.07 + lecithin 7.94 7. 34 6. 72 7.30 
Tallow 
Yeast culture 
+ lecithin 8.81 6. 15 8.99 7.88 None 8.58 6.63 9.69 8.32 
Accumulation of tallow, 
no sueelement 8. 72 6.70 7.90 8. ll 9.32 7.96 7.83 8 . 43 
1 
The metabolizable energy value was considered the same for all fats. Refer to footnotes to Table XX. 
2 
Tallow with no supplement considered as one. Refer to footnotes to Table XXI. " w 
TABLE XXXVIII 
1 
ANALYSIS OF VARIANCE OF EFFICIENCY or ENERGY tITILIZATION FOR TRIAL II WITH WEEKS 1 THROUGH 6 CONSIDERED INDEPENDENT 
OF WEEKS 7 THROUGH 12 
Weeks of trial 
Source of 1-2 3,;;4 5-6 1-6 7-8 9-10 11-12 7-12 
variation d. f. Mean liQ!.IIIIU 
Total d. f. 2 47 42 44 47 46 41 41 46 
Treatment (7) 
Kind of fat 2 1.2735** 2.5286 .1808 .1142 1. 1663 .0436 . 1140 . 9698 
Corn oil 
Yeast culture 1 .0384 . 0018 .0706 . 0084 1. 7389 .0000 .0210 2.0885 
Sifteen 
Yeast culture 1 .0672 .1277 .2371 .0547 · .1986 .8602* .4263 . 4032 
Tallow 
Lecithin (L) 1 .0509 3.7351 .1309 .0066. .0015 .4727 .1070 .1751 
unadjusted 
Yeast culture (Y) 
adjusted for L 1 .0579 2.9169 .0004 .0376 .0112 .0513 .1602 .0161 
LxY adjusted 
for Land Y 1 .0595 2.9499 .0367 .0013 .0576 .2349 .2571 .2066 
Error .1425 4.4188 .0778 .0406 .05267 .1655 .7500 . 5313 
Error d . f. 2 40 35 37 40 39 34 34 39 
1 
The metaboli~able energy value was considered the same for all fats. Refer to footnotes to Table XX. 
2Total d.f. and error d.f . - the degrees of freedom may change from period to period due to mortality or missing data . 
* Significant at the 5 percent level. 
** 




EFFICIENCY OF PROTEIN UTILIZATION, TRIAL II 
Tyµe of 
fat Supplement 1-2 3-4 5-6 1-6 Supplement 
Grams of protein per gram of egg 
None .484 .370 .366 .409 Yeast culture 
Corn oil 
Yeast culture .491 . 393 .399 . 425 None 
None .318 .470 .469 . 413 Yeast culture 
Sifteen 
Yeast culture .347 .389 . 370 . 372 None 
None .506 . 375 .456 .445 Lecithin 
Tallow 
Lecithin .585 .370 .458 .467 None 
None .467 .334 . 382 .400 Yeast culture 
Tallow 
Yeast culture .484 .378 .414 .426 None 
Yeast culture 
None .494 .392 .467 .443 + lecithin 
Tallow 
Yeast culture 
+ lecithin .483 .337 .493 .432 None 
Acc mnulation of tallow, 
no supplementl . 478 .367 .433 .430 
1 Tallow with no supplement considered a s one. Refer to footnotes to Table XXI. 
7-8 9-10 11- i 2 7-12 
Grams of protein per gram of egg 
.356 . 413 . 377 . 380 
.375 . 406 . 414 . 397 
.461 .541 . 412 . 464 
.377 . 331 ,307 .337 
.404 .347 .325 .359 
. 440 . 782 .453 • 523 
.390 .374 .334 .374 
.437 .438 .357 .414 
.436 .403 .369 .401 
I\ 
.471 .364 . 532 .456 
·.445 . 511 .437 . 462 
" V, 
TABLE XL 
ANALYSIS OF VARIANCE OF EFFICIENCY OF PROTEIN UTILIZATION FOR THE TRIAL II WITH WEEKS 1 THROUGH 6 CONSIDERED 
INDEPENDENT OF WEEKS 7 THROUGH 12 
Weeks of trial 
Source o f 1-2 3-4 5-6 1-6 7-8 9-10 11-12 7-12 
var i at i on d. f. Means uares 
1 
Total d. f. 47 42 44 47 46 41 41 46 
Treatment (7) 
Kind of fat 2 4.208** 1.302 0 . 604 0 . 379 0.029 0.145 0.374 0.171 
Corn oil 
Yeas t culture 1 0.133 0.007 0.231 0.027 0.570 0.000 0.070 0.273 
Sifteen 
Yeast culture 1 0.219 0.429 0.804 0.180 0.651 2 . 852* 1 . 403 1. 327 
Tallow 
Lecithin (L) 
unadjusted 1 0 . 162 0. 058 0 . 436 0.022 0.004 1. 558 4.345* 0.587 
Yeast culture (Y) 
adjusted for L 1 0 . 193 0 . 129 0 . 001 0.128 0.036 0.165 0.124 0.058 
LxY ad j usted 
for L and Y 1 0 . 205 0. 516 0 . 123 0.005 0.203 0.797 3.460* 0 . 683 
Error 0.477 0.616 0 . 258 0.168 0.298 0.551 0 . 660 0.341 
Error d.f. 1 40 35 37 40 39 34 34 39 
1 
To t al d . f. and error d.f. - the degrees of freedom may change from period to period due t o mortality or 
missing data. 
* Significant at the 5 percent level. 





The purpose of this trial was to test the effect of five different 
strains of yeast culture, and Lipase Con the digestibility of tallow 
in diets of laying hens. Lipase C is a product of the Rohm and Haas 
Company, Washington Square, Philadelphia 5, Pennsylvania. 
Procedure 
The experimental design for Trial III is presented in Table XLI. 
An experimental basal (Table XLII) was formulated on a daily intake 
basis. The procedure for this type of formulation is described by 
Gleaves (1961). In this procedure feed ingredients are put together 
in such a manner as to cause the hens to consume a desired intake of 
nutrients per day when fed ad libitum. Nutrient intake is regulated 
by the volume of feed with which the nutrients are combined. The 
nutrient-volume ratio is controlled by either increasing or decreasing 
the amounts of certain inert material in the diet. The inert material 
used in this basal was polyethylene fluff (See Table XLII). 
The desired daily consumption of this basal, which included 10 
grams of tallow, was 114 grams per hen. To the daily consumption of 
the basal, a desired daily consumption of yeast culture or Lipase C 
was added. Three grams of each of the 5 strains of yeast culture were 




EXPERIMENTAL DESIGN, TRIAL III 
Treatment Grams of Kind of Grams of 2 
m.nnber ,. basall supplement supplement 
1 114 None None 
2 114 Yeast culture No. 1 3.0 
3 114 Yeast culture No. 2 3.0 
4 114 Yeast culture No. 3 3.0 
5 114 Yeast culture No. 4 3.0 
6 114 Yeast culture No. 5 3.0 
7 114 Li pas~ C, level 1 0.0284 
8 114 Lipase C, level 2 0.0568 
9 114 Lipase C, level 3 0.1137 
1 Grams of basal - the desired daily consumption. 
2 Grams of supplement - desired daily consumption. 
TABLE XLII 




Ground yellow corn 
Oat mill feed3 
Alfalfa meal (171 protein 
Viobin fish mea14 
Soybean oil meal (501 protein) 
Blood meal 
Gelatin 
Condensed delactosed whey 
5 
Dried condensed fermented corn extractivaes 
Calcium carbonate 







Total weight (gm.) 
Total volume (ml.) 
Desired daily nutrient consumption 
Crude protein {gm.) 
9 
Calories (M . E. ) 
Calorie:protein ratio 
Calcium {gm . ) 
Available phosphorus (gm.} 
Crude fiber {gm.) 
Fat (gm.) 




























11 . 37 
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Footnotes for Table XLII 
1. Ingredient composition -- the basal was calculated on a per hen 
per day basis and is presented on this basis. 
80 
2. Grams of ingredient -- calculated to meet the desired daily protein 
and energy consumption. 
3. Oat mill feed -- Red-3 higrade oat mill by-product, National Oats 
Company, Cedar Rapids, Iowa. 
4. Viobin fish meal -- Viobin Corporation, Monticello, Illinois 
5. Dried condensed fermented corn extractives -- C. F. S. No. 3, 
Clinton Corn Processing Company, Clinton, Iowa. 
6. VMC-60 -- Vitamin mineral concentrate, contain per gram; vitamin A, 
3,524 U.S.P. units; vitamin D3, 529 I.C.U.; vitami.n E, 2.64 I.U.; 
vitamin K, 1.32 mg.; vitamin B12, 3.5 mcg.; riboflavin, 1.76 mg.; 
niacin, 14.09 mg.; pantothenic acid, 3.52 mg.; choline chloride, 
22.02 mg.; manganese, 12.20 mg.; iodine, 0.37 mg; cobalt, 0.25 mg.; 
iron, 9.60 mg.; copper 0.72 mg.; zinc 10.00 mg. 
7. VC-60A -- vitamin concentrate, contains per gram; pyridoxine, 7.04 
mg.; thiamin, 10.57 mg.; folic acid, 1. 76 mg.; inositol, 44.05 mg; 
para aminobenzoic acid, 3.52 mg.; ascorbic acid, 8.81 mg. 
8. Polyethylene fluff -- "Alathon" 10, E. I. duPont deNemours and 
Company, Incorporated, St. Louis 1, Missouri. 
9. (M.E.) -- metaboltzable energy, Titus (1955). 
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.0568 and .1137 grams) were each added to 114 grams of the basal. The 
control diet consisted of 114 grams of intake per day of the unsupple-
mented basal. In order to reduce the fact in the basal, Viobin (defatted 
fish meal) was used instead of fish meal. This was done to reduce the 
error caused by differences in digestibility of the fat in the basal and 
of the added fat. 
Each diet was fed ad libitum to 5-month-old Kimber-137 pullets. 
Each diet was fed to 5 replicates for a 12-week period in a completely 
randomized experiment. Fecal samples were collected at the end of each 
4-week period for the determination of fat digestibility. Body weight 
and feed consumption data were recorded at the end of each 4-week period. 
The data were summarized for each 4-week period and for the 12-week 
overall period. 
Analyses of variance were performed on the data by considering 
differences among the control, each of the 5 strains of yeast culture 
and Lipase C. Within the levels of Lipase C, linear and quadratic 
effects were calculated. These analyses were accomplished by the use 
of the Doolittle technique (Goss, 1961). 
Results 
The average coefficients of fat digestibility for Trial III are 
presented in Table XLIII, and the analysis of variance for these data 
is given in Table XLIV. There appears to be absolutely no difference 
in the digestibility of tallow due to the various treatments. Accord-
ing to the analysis of variance, there is a line.ar effect due to 
Lipase C for the second period. However, close examination of the 
digestibility values for Lipase C for the second period shows that 
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TABLE XLIII 
AVERAGE COEFFICI ENTS OF FAT DIGESTIBILITY j TRIAL III 
Period number 
Treatment 
Control 70 .2 71. 6 75.6 
Yeast culture No. 1 71. 5 h. '} 7 70 . 9 
Yeast culture No. 2 71. 3 68.9 67.7 
Yeast culture No. 3 10 . 1 73 . 5 67 . 8 
Yeast culture No. 4 72.3 73.8 73.0 
Yeast culture No. 5 69. 8 72 . 2 70.8 
Lipase C 
Level 1 65.3 63 . 1 68.9 
Level .2 72 . 0 71.0 74 . 5 
Level 3 69 . 0 69.0 68.2 
TABLE XLIV 
ANALYSIS OF VARIANCE OF COEFFI CIENTS OF FAT DIGESTI BILITY ~ TRIAL I II 
Period number 
Sow::ce. of 1 2 3 
variation d. f. Mean s9,uares 
Total d. f. 1 45 45 44 
Treatment 1.J' 11 . 78 104 . 14 43.69 
Lipase C 
Linear 1 36 . 10 449.68* 1. 22 
Quadratic 1 80.69 268. 07. 12.16 
Error 27 . 20 98 . 26 35.01 
Error d. f. 1 37 34 36 
f " Total d, f. and error d . f. - degrees of freedom may change from 
period to period due to mortality or mi s sing data. 
* Significant at the 5 percent level . 
83 
digestibility for the first level of the enzyme i s extremely low. This 
can be accounted for by the fact that one hen on this diet had abnormal-
ly low fat digestibility for this period . The digestibility value 
for this hen during the second period was 23. 6, while the other hens 
in the group were near the average of the entire ;t.rial. The average 
digestion coefficient of all the treatments was 70 .2. 
The analyses of variance for daily feed cons umption , egg pro-
duction and egg weight showed no differences in the performance of 
the hens due to treatment or leve l of Lipase Cj and as would be ex-
pected, information calculated from these data showed no treatment 
differences in the analyses of variance . This information included 
daily energy consumption, daily protein consumption, Calories per 
gram of egg and grams of protein per gram of egg . 
Body-weight -change i s the onl y variable which had a statistically 
significant mean square due t o treatment . A summary of these data and 
the analysis of variance of the data are given in Tables XLV and XLVI, 
respectively . I t appears that Yeast Culture No. 1 caused a slight 
increase in body weight, while the hens which were given all other 
treatments either gained nothing or lost weight . I n the overall 
analysis the hens which received Yeast Culture No. 1 gained an average 
of 36 grams per hen while the hens in the entire experiment lost an 
average of 51 grams. 
It is almost impossible to find data in the literature concerning 
feed intake and nutrient intake of laying hens, as well as the types 
of data on nutrient utilization that are presented in this thesis. For 
this reason, even through there were no significant treatment differences, 
all of the summarized data, with the exception of egg weight , are 
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TABLE XLV 
AVERAGE BODY WEIGHT CHANGE » TRIAL II I 
Period number l Treatment 1 2 3 Overall 
Grams per hen 
Control - 94 - 6 - 8 -108 
Yeast culture No. 1 = 12 +42 + 6 + 36 
Yeast culture No. 2 - 56 +16 -38 - 78 
Yeast culture No. 3 =100 +18 - 52 -134 
Yeast culture No. 4 - llO +76 - 32 - 66 
Yeast culture No. 5 - 102 +46 +24 - 34 
Lipase C 
Level 1 - 60 +48 -18 00 
Level 2 - 70 +.58 - 8 - 20 
Level 3 - 70 +34 -22 - 58 
1 Overall - all periods accumulated as one . 
TABLE XLVI 
ANALYSIS OF VARIANCE OF BODY WE IGHT CHANGE, TRIAL III 
Period number 
Source of 1 2 ·3 Overall 
variation d. f. Mean squares 
Total d. f. 1 45 4 2 44 45 
Treatment 6 6232 4143 3559 17414* 
Lipase C 
88262 Linear 1 250 40 8410 
Quadratic 1 83 192 481 270 
Error 3114 2150 2658 5770 
Error d. f. 
1 
37 34 36 37 
1 Total d.f . and error d.L - degrees of freedom may change from peri6d, 
to period due to mortality or missing data. 
2 Significant at the 10 percent level . 
* Significant at the 5 percent level. 
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presented in this thesis . 
Daily feed consumption data and the analysis of variance of these 
data are presented in Tables XLVII and XLVIII, respectively. The 
average daily feed consumption for this trial was 127, 4 grams per hen. 
This is approximately 13 grams per day more than was desired when the 
diet was formulated . The average daily Calorie and protein consumption 
is, of course, proportionately higher than the desired amounts. The 
energy consumption data and the protein consumption data are presented 
in Tables XLIX and LI, and the corresponding analyses of variance in 
Tables Land LII , respectively. The values for Calories consumed per 
hen per day are probably higher than the actual energy consumption. 
This is due to the fact that the value of 3960 Calories per pound, 
which was used for tallow in formulating the diets , is much higher than 
either the value given by Hill (1960) or the value obtained when the 
digestibility figures of thi s trial were used in the formula for 
metabolizable energy given by Titus (1955). 
Data on egg production, efficiency of energy utilization, and 
efficiency of protein utilization are presented in Tables LIII, LV 
and LVII. The corresponding analyses of variance for egg production, 
energy utilization and protein utilization are presented in Tables 
LIV, LVI and LVIII, respectively. The overall average egg production 
was 71.2 percent. The values on the efficiency of Calorie utilization 
in Table LV are probably too hi.gh, for the same reason that the 
average daily Calorie consumption was probably too high. 
TABLE XLVII 
AVERAGE DAILY FEED CONSUMPTION, TRIAL III 
Period number 
Treatment 1 2 3 Overall 
Grams per hen 
Control 109.9 121.4 121. 9 118. 4 
Yeast culture No. 1 130.4 142.1 136.4 136.8 
Yeast culture No . 2 123. 2 129.4 127. 7 127.1 
Yeast culture No . 3 118.8 127.5 119. 2 122.1 
Yeast culture No . 4 123. 7 138 . 1 136.1 133 . 4 
Yeast culture No. .5 102.7 125. 0 119. 9 116.8 
Lipase C 
Level 1 129.8 139.1 133.6 134.6 
Level 2 118. 9 132 . 7 127.8 127.1 
Level 3 128 . 7 137.3 124. 2 130.2 
1 Overall - all periods accumul~ted as one. 
TABLE XLVIII 










1 Error d. f. 


































1 Total d.f. and error d. f . - degrees of freedom may change from 





AVERAGE DAILY ENERGY1 CONSUMPTION, TRIAL III 
Treatment 
Control 
Yeast culture No. 1 
Yeast culture No. 2 
Yeast culture No. 3 
Yeast culture No. 4 





































1 The metabolizable energy value ,. of the fat was considered to be the 
same for each diet regardless of digestibility. 
2 Overall - all periods accumulated as one. 
TABLE L 
ANALYSIS OF VARIANCE OF ENERGY CONSUMPTION, TRIAL III 
Period number 
Source of 1 2 3 Overall 
variation d. f. Mean squares 
Total d. f. 1 45 42 44 45 
Treatment 6 3395 1606 1630 1910 
Lipase C 
Linear 1 26 130 1464 302 
Quadratic 1 2323 200 32 607 
Er~or 3395 1606 1630 1911 
Error d. f. 1 37 34 36 37 
1 Total d. f. and error d. f. - degrees of freedOm may change from 




AVERAGE DAILY PROTEIN CONSUMPTION, TRIAL III 
Period number J. 
Treatment 1 2 3 Overall 
Grams per hen 
Control 15. 3 . 16. 8 •. 16.9 16.5 , 
Yeast culture No. 1 18.1 19.7 19.0 19.0 
Yeast culture No. 2 17.1 18.0 17.8 17.7 
Yeast culture No. 3 16.5 17.7 -16. 6 ·11.0 
Yeast culture No. 4 17.2 19.2 18.9 18.6 
Yeast culture No. 5 14.3 17.4 16.7 16.2 
Lipase C 
Level 1 18.0 19.3 18.6 18. 7 
Level 2 16.5 18.5 17,8 17.7 
Level 3 17.8 19.1 17.3 18.1 
1 Overall - all periods accumulated as one. 
TABLE LII 
ANALYSIS OF VARIANCE OF DAILY PROTEIN CONSUMPTION, TRIAL III 
Period number 
Source bf 1 2 3 Overall 
variation d. f. Mean squares 
Total d. f. 
1 
45 42 44 45 
Treatment 6 10.18 4. 72 4.88 5.70 
Lipase C 
Linear 1 0.06 0.38 4.26 0.94 
Quadratic 1 6.95 o. 64 , 0.07 1. 78 
Error 5. ll 4.14 3.48 3. 72 
Error d. f. 1 37 34 3§:, 37 
1 Total d.f. and error d. f. - degrees of freedom may change from 
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Cont:rnl . 354 
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EFFICIENCY or DnGY UTil,IZATION, TRIAL IV 
Period number 
Treatment 1 2 3 
Calories per gram of egg 
Control 9.68 9.05 10.33 1 
:control + Lipase 31 11.65 10.25 10.02 
D-1309 11.46 13. 73 14.68 
D-1310 8.05. 8.76 9.12 








1 The aetabolizable energy value was considered the same for the fat 
in each diet. Refer to footnotes to Table LIX. 
2 Overall - all periods accumulated as one. 
TABLE LXXIV 
AN~YSIS OF VARIANCE or EFFICIENCY or ENERGY UTILIZATION, TRIAL IV 
- .Period number 
Source of , 1 2 3 ·' Overall 
variation ... .· d.f. Mean squares 
Total 24 
Treatment 4 .1692 .0974 .1273 .1361 




EFFICIENCY OF PROTEIN UTILIZATION, TRIAL IV ~· ,. ~ ., 
Period . number . ·, 
Treatment 1 2 .3 Overall 
Grams protein per gram of egg 
Control • 524 .490 .560 • 523 
Control+ Lipa•e 31 • 631 . 555 .543 .573 
D-1309 • 617_ .739 • 790 .746 
D-1310 : .431 .469 . • 488 .463 
D-13ll .431 .495 • 541 .485 
1 Ovel'all - all periods accumulated as one. 
.J 
TABLE LXXVI 
ANALYSIS OP' VARIANCE OF En'I~IBNCY OP PROTEIN UTILIZATIOK, TRIAL IV 
Period number 
Source of 1 2 3 Overall 
V!riation d.f. . Kean squares. 
Total 24 
Treatment" 4 0.624 0.343 0.434 · 0.481 
Error 20 0.656 0.454 o. 723 0.289 
--- - --0"--~-- . - . --
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G 1 3 ,a. 06 ' 9 
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1 15_ 120.4 r u .3l20.41 I s.ns.~2ooms.11.&.aa20._na.310.oo..20.o 0.5 
:ompoaitid.'1 ·C@ipt,~ -§~ ~m.qjilL ~~1wniabB'r~ ~ lba~1_gHru.p.!the w~ight ,of 
he vitamin-.. tihte~ · ~~~ ~~~a:ks-..lrab the d.:sired 
otal daily flee-.d<lc~ - lc~ttleed consumption. 
ee Table a.:use.f~~l:...~ ~-dffl~ ~cll1imr«Ji?~M<~.ttfr~ concenu~te. 
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Results Results Results 
$t1a,dy 1 Study 1 St1;1dy l 
tein effeqtt~m.-ttffieqpi~mulf~¢-'*=q«r.ltt.e i«@fd~~®'d~ ·l{II'<mm-ta:""" ne<>.~ and apgeercxeJ' 
tein quaihp~ti,j.-Hmt~Jn,-trhP$dbd.•n;rq.utwh_!fd.,....ri~~-~!j)o~ ib").~m~.nh.;. 10 . 
known. 
~tlr . cmrei-~tk~ the sbth 
I!~~~ the presen · 
lnt.:ractimf P~~\'. ' 
l€ed con,n:lllip~~d ~ ,- · =1~~Yf.~d8»~~ ,B:h:M..,m~Himd,",-0f diet form-
;ion. Thed~t,~.,_ id'h~~m·m-;,.ci.!i~liffl.WDrJ'l_~J ~M~ """Im)<, t»eWrrelate fe~ 
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2 132 13 74. 0 
8 H8 1672 ,8 
TfHAL V TRIAL V TRIAL V 
1 Total 44 Total 44 S9L 29 
ka 6 Block;;; 6 119. 94 
(A) 2 (A) 
~in (P) Prot.;ain (2) Pt'Ot~fr. (ll) 
(Lin.;a,.;:') P, (Lid~;.,t') P.,. (Lide .. ,l)7. 87 
~ (Q~~draticfq (Qu.4.dt'aticf~ (Quadr .. ~(<O.l 
:x p, ,_,t aah~~Bs"' x p,-,-, c:a21 ,,.a'ss'= x P-,;"ot:"in 
r .. ct ion fr,t .. ,,.,~'" '"' ("-?- -inf° "'t""'-Gt:i(lt-9 
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AVERAGE DAIL YA ~ Pir4D!.=u--·iJl!DIMIIJUJMJlllDJl'mN!tlm-ll! 
PER BEN, BY ANBYORiEl~~ .. rDiiilDB~CR~~ 
l 'lr;.E ~7V l "11 ~ .... ~" 2963 1 31:,&,1 29&1 7 3 '62 3Blli4 3l~~4 35.q 3~4 114 354 
2 375 2 384 31.61 2 3843 3'3&1>2 38'i!IO 36&.3 3i~9 3(1\J 4009 .]ft.J 409 
3 369 3 378 36S5 3 3'383 38 .60 3 18 33'.&09 3! 5 3 g 3885 3'59 385 
4 287 4 ""'1 == " b 2 -a3 4 2~u .2 21333 29D2.4 21330 3-iMl 3 I! 3%1 YA 381 
c; .., 295 5 303 22.84 5 30l5 22~5 30:5.il 2~.56 33.l13 "). .J, 3(fil3 300 373 
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all 
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1. tlf6>. 5 
1. 4:00. 4 
0. 6/fJJ. 4 
1. 4ml 5 
1. 01!6. 6 
1. 471Jl 9 
70. ~ 2 74. 4 70.171. 2 74. 4 70 . l 
n.-. 5 1a.1 72.176. 5 78.1 12.1 
711,tml. 4 71.0 72.(61L 4 7LO 72.6 
80.~ 4 82. 3 83 .479. 4 82. 3 83.4 
so. 11.('5. 8 77. 3 80. 712. 8 77. 3 80. 7 
81.~ 5 i8. 7 82. fJ/4 . 5 78. 7 82. 9 
79, {&Jl 1 73 . 0 78. 'b6 . l 73. 0 78 . 9 
75.~ 6 78. 0 79.1/4. 6 78. 0 79. 7 
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fact thatt~gf~bdtma'.~ 
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, ~l-,,;;,t;hen between t 
fat diges 
Neither Lipa~i;t~ Lipas'!ie 
~--~= -~--..:;,~--
SUMMARY SUMMARY 
Five trials (Si 'tbti whi&:bsw~ 2~bw~ ,e~~~diihfitz~g::ai:Jrl dunft _i..Tuic.,mnd 1 of whic' 
for 13 foJM'nwf~k tiar:1~w~ ~P~~~~ft~):'-,gde~wd:thi¢..r.gdtiwbtlh t:taying hens to 
1 factors~ ad&¥cfa~go~~a,ii,i~e~~~1is~~fge..~li:A'-efa:bytli~~~lftryir linwe~ four 12-week 
ls, the f art~t~ ,stn, i ~~r~;st~d)~~:Sltfi(~m(~g~fi~t~o~f9egw&d~t, (2) graded 
ls of di~ta7lfl iaot ~n~t~ ~~~f~i~~~a~tin01~d.4e~@~~ylifl4,~a~~n~c(4)il:ypa~e activity 
east cult~fe~~i§Q dnt~~~~ b~~~g~eqft~hrunl,~~~~~ff~e};ee.N~h tnL~n~e~~a st culture 
(1) graded 
ls of prot~~H.n,Mikpt;ol(is)a · ~~~~~~g~j:'gf.e,i~~~c~el~taiee;rn(rlgy intake 1 (3) 
ed levelsgu.id~daiw.®r ~~~~~MA~tlif~tri.m~4:Qe>:e~~i(i4i.) b:emt.JeF.Ection between 
dietary l el<t~lsi~faeyier~~~~~:tj1.&1ltg''f~~~.t~(ijj};r~ra-.wica:_&Q;;a~ft'~nd (5) inter-
on betwe~t:.te a tb,~nw~ rritit~~~a ndr ~tniruiss and p..,;; iods. 
The fats studT.~e W&trSl;stbl!t~~;~~ii,,..~t~~fl · .a ii~~;ea::l;::~tl Ihiettl)eck;;.:1:s.al diet, corn 
beef ta ldtiw, oo,tfot.iH·&6wi.~~gdt£~J,~f~~ . 1'~:e~~:ls~~&ndoEt,qn>~'b::i and soybean 
, Energ-&::,{v}geta~i8-l'ri(v~~d.t~~~il~t~~ar,.lim~e~ ~~~t~q £nfm£e,rrat) , Sifteen 
spray dri~rlg ,sffe'NljMr:i<p~~4'!~t~e~f1:,~~e~s@fbg:rleaisre2.r'bsorbed on 25 
ent of scivar .finud:J; ~...&it(~f}):t,d~!:j.1:fl1~~ti)-~l,il,~1'o (:6!,h~~:6id.rRs!i~o~.b~~ oil absorbe 
0 percentoof4©,JJ7ercfam:rrq f.4~~:ftq(~~ lrllli):>f~Jil-~e~~nlld(:6ifidp.;!,,Iiee~ta. l d:6wedible tal le 
rbed on 3£b~erh~~tonf3~artm.~u.J'.df3:[ja\1"~<M-~ ~~-ag.tt:yd'lt~s.N.®liag..tydigestibility 
ficients ~4e ffi:e~i'~cft\.s: ~f:'fi,'flf,r~ s'6u~~ &.;e 7§61_~?-Z~~1.'fli,3493a9.,3 ¥01 il.,3 8 3 . 0, 40. o. 
, 80. 5, 89193 ~n8075, 7'/tH ~JlJ•~Jj'f, 'ey-Jr~S{):edti:ieiy .resp~ctively. 
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